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(54) Fuel injection control for diesel engine 

(57) A sensor (55) detects a parameter expressing 
the oxygen concentration or oxygen amount in gas as- 
pirated into the diesel engine (51 ). A controller (41) cal- 
culates a target parameter during a steady running state 
of the diesel engine (51 ) (S4) and calculates a difference 
between the measured parameter and the target param- 
eter (S212). When the difference is large, following a 
small amount of pilot fuel injection, a main fuel injection 



is performed at a timing that makes the combustion of 
fuel complete before the compression top dead center 
of the piston (51 C). When the difference is small, a larg- 
er amount of pilot fuel injection is performed and the 
main fuel injection is performed after the injected fuel is 
combusted. By varying the fuel injection pattern in this 
way, combustion noise and the deterioration of exhaust 
gas composition in atransient running state of the diesel 
engine (51) is suppressed. 
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Description 

FIELD OF THE INVENTION 

5 [0001] This Invention relates to fuel injection control for preventing combustion noise in a transient running state of 
a diesel engine. 

BACKGROUND OF THE INVENTION 

10 [0002] Tokkai Hei 6-346763 published by the Japanese Patent Office in 1994 and Japanese Patent No. 2864896 
issued by the Japanese Patent Office in 1 998 disclose low-temperature premixing combustion performed by a diesel 
engine in order to reduce noise and smoke produced by the operation thereof. 

[0003] This low-temperature premixing combustion is applied specifically to a diesel engine for a vehicle that has a 
low compression ratio ranging from 1 4 to 1 8 and is provided with an exhaust gas recirculation system, a turbocharger 

15 and a swirl control valve. 

[0004] In a diesel engine designedto perform the low-temperature premixing combustion, fuel ignition timing is largely 
retarded to lengthen the ignition delay period of Injected fuel so that the fuel injection is terminated and the injected 
fuel is fully mixed with air within this ignition delay period. Further, large amounts of exhaust gas recirculation (EGR) 
is conducted so that the resultant fuel mixture is burnt gradually. On the other hand, an excess air factor of the fuel 

20 mixture is maintained by turbocharging and the premixing is enhanced by a swirl control valve. 

SUMMARY OF THE INVENTION 

[0005] The low-temperature premixing combustion as described above is effective in suppressing the generation of 
25 noise and smoke in a steady running state of the engine, but results in the following problems in a transient running 
state such as when the engine is accelerating. 

[0006] The operation mechanism of the engine during acceleration may be described as follows. 
[0007] Firstly the fu el injection amount is increased and the exhaust pressure and exhaust temperature are increased 
as a result of combustion of increased fuel. The energy of the exhaust gas drives the exhaust gas turbine of the 
30 turbocharger and the compressor of the turbocharger which is driven by the exhaust gas turbine increases the fresh 
air intake amount into the engine. 

[0008] Due to a turbo-lag of the turbocharger, a differential pressure upstream and downstream of the EGR valve is 
temporarily increased by the decrease in the intake pressure during the initial period of acceleration. Thus the exhaust 
gas recirculation amount is also temporarily increased. With the increase in the exhaust gas recirculation amount, the 
35 excess air factor of the gaseous fuel mixture in the engine is reduced and the ignition delay period of injected fuel may 
undergo an abnormal increase. 

[0009] When the ignition delay period undergoes an abnormal increase, since the fuel is rapidly combusted after 
ignition, it is not possible to realize low-temperature premixing combustion. As a result, a large combustion noise is 
generated and exhaust gas composition is adversely affected. 
40 [0010] It is therefore an object of this invention to prevent increases in noise and to prevent adverse effects on 
exhaust gas composition in the transient running state of the diesel engine. 

[0011] In order to achieve the above object, this invention provides a fuel injection control device for such a diesel 
engine that comprises a piston reciprocating through a compression top dead center and a fuel injection mechanism 
of which a fuel injection amount and a fuel injection timing is controllable. The fuel injection control device comprises 

45 a sensor which detects a parameter expressing either of oxygen concentration and oxygen amount in gas aspirated 
into the diesel engine, and a programmable controller. The controller is programmed to calculate a difference between 
a parameter value set for a steady running state of the diesel engine and the parameter detected by the sensor. The 
controller is further programmed to control the fuel injection mechanism, when the difference is greater than a prede- 
termined value, to cause the fuel injection mechanism to perform a main fuel injection at a first timing which completes 

so a combustion of an injected fuel before the compression top dead center and a pilot fuel injection at a second timing 
earlier than the first timing. The controller is further programmed to control the fuel injection mechanism, when the 
difference is smaller than the predetermined value, to cause the fuel injection mechanism to perform a pilot fuel injection 
at a third timing with an injection amount which is larger than an injection amount of the pilot injection performed when 
the difference is greater than the predetermined value, and a main injection at a fourth timing, an interval between the 

55 third timing and the fourth timing being larger than a period required for combusting fuel injected by the pilot injection 
at the third timing. 

[0012] This invention also provides a fuel injection control method for such a diesel engine that comprises a piston 
reciprocating through a compression top dead center and a fuel injection mechanism of which a fuel injection amount 
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and a fuel injection timing is controllable. The fuel injection control method comprises detecting a parameter expressing 
either of oxygen concentration and oxygen amount in gas aspirated into the diesel engine, and calculating a difference 
between a parameter value set for a steady running state of the diesel engine and the parameter detected by the 
sensor. The method further comprises controlling the fuel injection mechanism, when the difference is greater than a 

5 predetermined value, to cause the fuel injection mechanism to perform a main fuel injection at a first timing which 
completes a combustion of an injected fuel before the compression top dead center and a pilot fuel injection at a second 
timing earlier than the first timing. The method further comprises controlling the fuel injection mechanism, when the 
difference is smaller than the predetermined value, to cause the fuel injection mechanism to perform a pilot fuel injection 
at a third timing with an injection amount which is larger than an injection amount of the pilot injection performed when 

10 the difference is greater than the predetermined value, and a main injection at a fourth timing, an interval between the 
third timing and the fourth timing being larger than a period required for combusting fuel injected by the pilot injection 
at the third timing. 

[0013] The details as well as other features and advantages of this invention are set forth in the remainder of the 
specification and are shown in the accompanying drawings. 

15 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] FIG. 1 is a schematic diagram of a fuel injection control device for a diesel engine according to this invention. 
[0015] FIG. 2 is a schematic diagram of a common-rail fuel injection mechanism provided in the diesel engine. 
20 [0016] FIG. 3 is a schematic diagram of an exhaust gas recirculation mechanism provided in the diesel engine. 

[0017] FIG. 4 is a flowchart describing a calculation routine for a command opening VNTstep of a variable nozzle of 
a turbocharger, executed by a controller according to this invention. 

[0018] FIG. 5 is a diagram showing the characteristics of a map of a basic turbocharging pressure MPM, stored in 
the controller. 

25 [0019] FIG. 6 is a diagram showing the characteristics of a map of an atmospheric pressure correction value for a 
turbocharging pressure, stored in the controller. 

[0020] FIG. 7 is a diagram showing the characteristics of a map of a basic opening MSTEP of a variable nozzle, 
stored in the controller. 

[0021] FIG. 8 is a diagram showing the characteristics of a map of an atmospheric pressure correction value for a 
30 nozzle opening, stored in the controller. 

[0022] FIG. 9 is a block diagram schematically showing exhaust gas recirculation control executed by the controller. 

[0023] FIG. 1 0 is a flowchart describing a calculation routine of various parameters calculated by the controller. 

[0024] FIG. 11 is a flowchart describing a delay processing routine executed by the controller. 

[0025] FIG. 1 2 is a flowchart describing an output conversion routine of an air flow meter executed by the controller. 
35 [0026] FIG. 1 3 is a flowchart describing a calculation routine for a cylinder intake fresh air amount Qac executed by 

the controller. 

[0027] FIG. 1 4 is a flowchart describing a calculation routine for a cylinder EGR intake amount Qec executed by the 
controller. 

[0028] FIG. 15 is a flowchart describing a calculation routine for a volume efficiency equivalence value Kin executed 
40 by the controller. 

[0029] FIG. 1 6 is a diagram showing the characteristics of a map of gas density ROUqcyl and air density stored in 
the controller. 

[0030] FIG. 1 7 is a flowchart describing a calculation routine for an intake pressure Pm executed by the controller. 
[0031] FIG. 1 8 is a diagram showing the characteristics of a map of a pressure equivalent value PmO stored in the 
45 controller. 

[0032] FIG. 1 9 is a flowchart describing a calculation routine for a collector fresh air intake temperature Ta executed 
by the controller. 

[0033] FIG. 20 is a diagram showing the characteristics of a map of a vehicle speed correction coefficient Kvsp stored 
in the controller. 

so [0034] FIG. 21 is a diagram showing the characteristics of a map of an intake fresh air amount correction coefficient 
Kqa stored in the controller 

[0035] FIG. 22 is a flowchart describing a calculation routine for a cylinder intake gas temperature Tn executed by 
the controller. 

[0036] FIG. 23 is a flowchart describing a calculation routine for a fuel injection amount Qf executed by the controller. 
55 [0037] FIG. 24 is a diagram showing the characteristics of a map of a basic fuel injection amount Mqdrv stored in 
the controller. 

[0038] FIG. 25 is a diagram showing the characteristics of a map of a maximum fuel injection amount Of 1 MAX stored 
in the controller. 
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[0039] FIG. 26 is a flowchart describing a calculation routine for an exhaust gas temperature Texh executed by the 
controller. 

[0040] FIG. 27 is a diagram showing the characteristics of a map of an exhaust gas temperature basic value Texhb 
stored in the controller. 

5 [0041] FIG. 28 is a diagram showing the characteristics of a map of an intake air temperature correction coefficient 
Ktexhl stored in the controller. 

[0042] FIG. 29 is a diagram showing the characteristics of a map of an exhaust pressure correction coefficient Ktexh2 
stored in the controller. 

[0043] FIG. 30 is a diagram showing the characteristics of a map of a swirl correction coefficient Ktexh3 stored in 
10 the controller. 

[0044] FIG. 31 is a diagram showing the characteristics of a map of a variable nozzle opening correction coefficient 
Ktexh4 stored in the controller. 

[0045] FIG. 32 is a flowchart describing a calculation routine for an effective sectional area equivalence value Avnt 
executed by the controller. 

15 [0046] FIG. 33 is a diagram showing the characteristics of a map of a friction loss coefficient ZJric of exhaust gas 
stored in the controller. 

[0047] FIG. 34 is a diagram showing the characteristics of a map of a nozzle loss coefficient %conv stored in the 
controller. 

[0048] FIG. 35 is a flowchart describing a calculation routine for an exhaust pressure Pexh executed by the controller. 
20 [0049] FIG. 36 is a diagram comparing the actual value for the exhaust pressure and the predicted value Pexh. 
[0050] FIG. 37 is a flowchart describing a calculation routine for an EGR flowrate Qe executed by the controller. 
[0051] FIG. 38 is a diagram showing the characteristics of a map of an opening area equivalence value Ave of an 
EGR valve stored in the controller. 

[0052] FIG. 39 is a flowchart describing a calculation routine for a target EGR rate Megr executed by the controller. 
25 [0053] FIG. 40 is a diagram showing the characteristics of a map of a target EGR rate basic value MegrO stored in 
the controller. 

[0054] FIG. 41 is a diagram showing the characteristics of a map of a target EGR rate correction value Hegr stored 
in the controller. 

[0055] FIG. 42 is a flowchart describing a calculation routine for a required EGR flowrate Tqe executed by the con- 
30 troller. 

[0056] FIG. 43 is a flowchart describing a calculation routine for a command EGR valve lift amount Liftt executed by 
the controller. 

[0057] FIG. 44 is a diagram showing the characteristics of a map of an EGR valve target lift amount Mlift stored in 
the controller. 

35 [0058] FIG. 45 is a diagram showing an operation region of a diesel engine enabling premixing combustion. 

[0059] FIGs. 46A - 46E is a timing chart showing a variation in the fuel injection amount, an exhaust pressure, an 
intake pressure, an excess air factor and an EGR rate during acceleration of a diesel engine as a result of low-tem- 
perature premixing combustion. 

[0060] FIGs. 47A - 47C is a timing chart showing combustion patterns X, Y and Z according to the operation region 
40 of the diesel engine in view of a variation in a cylinder pressure under a control by the fuel injection control device 
according to this invention. 

[0061] FIG. 48 is a flowchart describing a calculation routine for a target common-rail pressure TPrait executed by 
the controller. 

[0062] FIG. 49 is a diagram showing the characteristics of a map of a basic value TPrailBtor the target common-rail 
45 pressure stored in the controller. 

[0063] FIG. 50 is a diagram showing the characteristics of a map of a water temperature correction coefficient KPTw 
for the target common-rail pressure stored in the controller. 

[0064] FIG. 51 is a diagram showing the characteristics of a map of an intake fresh air temperature correction coef- 
ficient KPTa stored in the controller. 
50 [0065] FIG. 52 is a diagram of a map of an atmospheric pressure correction coefficient KPPa stored in the controller. 
[0066] FIG. 53 is a diagram showing the characteristics of a map of a maximum common-rail pressure PrailMAX 
stored in the controller. 

[0067] FIG. 54 is a diagram showing the characteristics of a map of a minimum common-rail pressure PrailMIN stored 
in the controller. 

55 [0068] FIG. 55 is a flowchart describing a setting routine of a pilot fuel injection permission flag F_PQ executed by 
the controller. 

[0069] FIG. 56 is a flowchart describing a calculation routine of a target main fuel injection timing TMIT executed by 
the controller. 
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[0070] FIG. 57 is a diagram showing the characteristics of a map of a main fuel injection timing corresponding to the 
combustion pattern X stored in the controller. * ~ th« 

[0071] FIG. 58 is a diagram showing the characteristics of a map of a main fuel injection timing corresponding to the 
combustion pattern Y stored in the controller. 
5 [0072] FIG. 59 is a diagram showing the characteristics of a map of a main fuel injection timing corresponding to the 
combustion pattern Z stored in the controller. . 
[0073] FIG. 60 is a diagram showing the characteristics of a map for a water temperature correction coefficient 
KMITTw for an injection timing, stored in the controller. 

[6074] FIG. 61 is a diagram showing the characteristics of a map for a collector intake fresh airtemperature correction 
10 coefficient KMITTa stored in the controller. 

[0075] FIG. 62 is a diagram showing the characteristics of a map for an atmospheric pressure correction coefficient 
KMITPa for the injection timing, stored in the controller. .. m . AV 
[0076] FIG. 63 is a diagram showing the characteristics of a map of a maximum main fuel injection timing MITMAX 

stored in the controller. .,«-»„»» 
is [0077] FIG. 64 is a diagram showing the characteristics of a map of a minimum main fuel injection timing MITMIN 

stored in the controller. ., l. 

[0078] FIG. 65 is a flowchart describing a calculation routine of a target pilot fuel injection timing TPIT executed by 

the controller. ., , ... 

[0079] FIG 66 is a diagram showing the characteristics of a map of a basic value TP/Tfor a target pilot fuel injection 
20 timing corresponding to a pilot fuel injection permission flag F_PQ = 2. stored in the controller. 

[0080] FIG 67 is a diagram showing the characteristics of a map of a basic value TPITB for the target pilot fuel 

injection timing corresponding to the pilot fuel injection permission flag F_PO = 1 , stored in the controller. 

[0081] FIG. 68 is a diagram showing the characteristics of amap of a watertemperaturecorrection coefficient KPfTTw 

for the pilot fuel injection timing stored in the controller. 
25 [0082] FIG. 69 is a diagram showing the characteristics of a map of a collector intake fresh airtemperature correction 

coefficient KPITTa for the pilot fuel injection timing, stored in the controller. 

[0083] FIG. 70 is a diagram showing the characteristics of a map of an atmospheric pressure correction coefficient 

KPfTPa stored in the controller. ..... «.• d ,t.*av 

[0084] FIG. 71 is a diagram showing the characteristics of a map of a maximum pilot fuel injection timing PITMAX 

30 stored in the controller. ........ 

[0085] FIG. 72 is a diagram showing the characteristics of a map of a minimum pilot fuel injection timing PITMIN 

stored in the controller. ^ . 

[0086] FIG. 73 is a flowchart describing a calculation routine for a target pilot fuel injection amount TPQ executed 

35 m^] C °F\G74 is a diagram showing the characteristics of a map of a basic value TPQB for the target pilot fuel 
injection amount corresponding to the pilot fuel injection permission flag F_PQ = 2 stored in the controller. 
[0088] FIG 75 is a diagram showing the characteristics of a map of a basic value TPQB for the target pilot fuel 
injection amount corresponding to the pilot fuel injection permission flag F_PQ = 1 , stored in the controller 
[0089] FIGs. 76A - 76F are timing charts showing combustion injection control executed by the fuel injection control 

40 device according to this invention during acceleration of the diesel engine. 

[0090] FIGs. 77A and 77B are diagrams showing an amount of fuel and particulate matter generated under fuel 
injection control performed by the fuel injection control device according to this invention. 
[00911 FIG 78 is similarto FIG. 55, but showing a second embodiment of this invention. 

[0092] FIG. 79 is a flowchart describing a calculation routine for a target cylinder intake fresh air amount Tqacexe- 
45 cuted by a controller according to the second embodiment of this invention. 

[0093] FIG. 80 is a diagram of the characteristics of a map of the target cylinder intake fresh air amount Tqac stored 

in the controller according to the second embodiment of this invention. 

[0094] FIG 81 is similar to FIG. 55, but showing a third embodiment of this invention. 

[0095] FIG. 82 is a flowchart describing a calculation routine for a second target intake EG Ft amount Sqec executed 
so by a controller according to the third embodiment of this invention. 

[0096] FIG 83 is similarto FIG. 55, but showing a fourth embodiment of this invention. 

[0097] FIG. 84 is a flowchart describing a calculation routine for a target excess air factor Tlamb and a real excess 
air factor Lambda executed by a controller according to the fourth embodiment of this invention. 
[0098] FIG. 85 is a diagram of the characteristics of a map for the target excess airfactor TVambstored in the controller 
55 according to the fourth embodiment of this invention. 
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DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0099] Referring to FIG. 1 of the drawings, a diesel engine 51 for a vehicle is operated with turbocharging by a 

turbocharger 2 and exhaust gas recirculation by a exhaust gas recirculation (EGR) mechanism 5. The diesel engine 

51 is a multi-cylinder engine adapted to perform low-temperature premixing combustion with a pattern of heat release 

corresponding to single-stage combustion. A piston 51C is stored in each cylinder 51A of the diesel engine 51. A 

combustion chamber 51 D is partitioned inside the cylinder 51 A by the piston 51 C. 

[0100] The diesel engine 51 is provided with an intake passage 52 and an exhaust passage 53. 

[0101 ] A compressor 2B of the turbocharger 2, an inter-cooler 3 which cools intake air and a throttle 56 are provided 

in the intake passage 52. 

[0102] The intake passage 52 is connected to the combustion chamber 51 D via a collector52A and an intake manifold 
52B. A swirl control valve 4 is provided in the intake manifold 52B. The swirl control valve 4 forms a swirl in the airflow 
entering the combustion chamber 51 D by closing a part of a sectional area of intake air when the diesel engine 51 is 
operating at a low rotation speed and low load. 

[0103] The combustion chamber 51 D is so called a large diameter toroidal combustion chamber comprising a cylin- 
drical cavity formed on the top of the piston 51 . A conical portion is formed in the bottom of the cavity so as to reduce 
resistance to the swirl entering the cavity, thereby promoting mixture of air and fuel. Furthermore the shape of the cavity 
allows the swirl to extend from within the cavity to the outside as the piston is depressed by combustion. 
[0104] An airflow meter 55 which detects an intake fresh air flowrate 5 an intake air temperature sensor 71 which 
detects a temperature of intake fresh air and an atmospheric pressure sensor 73 which detects atmospheric pressure 
Pa are provided in the intake passage 52 upstream of the compressor 2B. 

[0105] The exhaust passage 53 is provided with a catalytic converter 1 and an exhaust gas turbine 2A of the turbo- 
charger 2. The exhaust gas turbine 2A and the compressor 2B rotate together on a same rotation shaft. The exhaust 
gas turbine 2A rotates according to a pressure of exhaust gas flowing in through a variable nozzle 2D. The variable 
nozzle 2D is driven by a step motor 2C. When the engine 51 is operating in a low rotation speed region, the sectional 
area of exhaust gas flow is reduced and the exhaust pressure applied to the exhaust gas turbine 2A is increased by 
narrowing the variable nozzle 2D, It is possible to use a diaphragm actuator and a pressure control valve instead of 
the step motor 2C. 

[0106] The EGR mechanism 5 comprises an exhaust gas recirculation passage (EGR passage) 54 and an exhaust 
gas recirculation valve (EGR valve) 57. The EGR passage 54 branches from the exhaust passage 53 upstream of the 
exhaust gas turbine 2 A and is connected to the collector 52A. The EGR valve 57 is provided in the EGR passage 54. 
An exhaust gas recirculation amount (EGR amount) which is recirculated to the collector 52Af rom the exhaust passage 
53 undergoes variation in response to the opening of the EGR valve 57 and the differential pressure between an intake 
negative pressure that is dependent on an opening the throttle 56 and the exhaust pressure of the exhaust passage 53. 
[0107] An intake pressure sensor 72 which detects a pressure in the collector 52A as an intake pressure Pm is 
provided in the collector 52A. 

[0108] Fuel from the fuel injection mechanism 10 is supplied to each combustion chamber 51 D by injection from a 
nozzle 17. 

[0109] Referring to FIG. 2, a fuel injection mechanism 10 comprises a fuel tank 11 , fuel supply passage 12, supply 
pump 14, pressure accumulating chamber 16A formed in a common rail 16, and a nozzle 17 which is provided for 
every cylinder. After the fuel supplied from the supply pump 14 is stored in a pressure accumulator 16A via a high 
pressure fuel passage 15, it is distributed to each of the nozzles 1 7. 

[0110] The nozzle 17 comprises a needle valve 18, nozzle chamber 19, fuel passage 20 to the nozzle chamber 19, 
retainer 21 , hydraulic piston 22, return spring 23, fuel passage 24 which leads high pressure fuel to the hydraulic piston 
22, and three-way solenoid valve 25 interposed in the fuel passage 24. A check valve 26 and an orifice 27 are also 
provided In parallel in the fuel passage 24. The return spring 23 pushes the needle valve 1 8 in the closing direction of 
the lower part of the figure via the retainer 21 . The hydraulic piston 22 comes in contact with the upper edge of the 
retainer 21. 

[0111] The three-way valve 25 comprises a port A connected to the pressure accumulating chamber 16A, port B 
connected to the fuel passage 24 and port C connected to a drain 28. When the three-way valve 25 is OFF, ports A 
and B are connected and ports B and C are shut off. As a result, the fuel passages 20 and 24 are connected, and high 
pressure fuel is led to both the upper part of the hydraulic piston 22 and the nozzle chamber 19 from the pressure 
accumulating chamber 1 6A. As the pressure-receiving surface area of the hydraulic piston 22 is larger than the pres- 
sure-receiving surface area of the needle valve 1 8, in this state, the needle valve 1 8 sits in the valve seat, and the 
nozzle 17 is thereby closed. 

[0112] In the state where the three-way valve 25 is ON, the ports A and B are shut off, and the ports B and C are 
connected. 

[0113] Consequently, the fuel pressure of the fuel passage 24 which pushes the hydraulic piston 22 downward is 
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released to the fuel tank 11 via the drain 28, the needle valve 18 lifts due to the fuel pressure of the nozzle chamber 
19 which acts on the needle valve 18 in an upward direction, and the fuel of the nozzle chamber 19 is injected from 
the hole at the end of the nozzle 17. If the three-way valve 25 is returned to the OFF state, the fuel pressure of the 
pressure accumulating chamber 16A again acts downward on the hydraulic piston 22, the needle valve 18 sits in the 

5 valve seat, and fuel injection is terminated. 

[0114] That is, fuel injection start timing is adjusted by the change-overtiming from OFF to ON of the three-way valve 
25, and fuel injection amount is adjusted by the duration of the ON state. Therefore, if the pressure of the pressure 
accumulating chamber 16A is the same, the fuel injection amount increases the longer the ON time of the three-way 
valve 25. In this description, the term "fuel injection timing" denotes the fuel injection start timing. 

10 [0115] Further, to adjust the pressure of the pressure accumulating chamber 16A, the fuel injection mechanism 10 
comprises a return passage 13 which returns the surplus fuel discharged by the supply pump 14 to the fuel supply 
passage 12. The return passage 13 is provided with a pressure regulating valve 31 . The pressure regulating valve 31 
opens and closes the return passage 13, and adjusts the pressure of the pressure accumulating chamber 16A by 
varying the fuel injection amount to the pressure accumulating chamber 1 6A. 

is [0116] The fuel pressure of the pressure accumulating chamber 16A is equal to the fuel injection pressure of the 
nozzle 1 7, and the fuel injection rate is higher the higher the fuel pressure of the pressure accumulating chamber 1 6. 
The three-way valve 25 and the pressure regulating valve 31 function according to the input signal from a controller 41 . 
[01 17] The above construction of the fuel injection mechanism 1 6 is disclosed and known from pp. 73 - 77, Lecture 
Papers of the 13th Symposium on the Internal Combustion Engine. 

20 [01 18] Fuel injected from the nozzle 1 7 to each combustion chamber 51 D is mixed with air aspirated from the intake 
manifold 52B and undergoes pressure ignition and combustion due to pressure applied by the piston 51 C. The exhaust 
gas is exhausted through the exhaust passage 53. 

[0119] The structure of the throttle 56 and the EGR valve 57 will be described below referring to FIG. 3. 

[01 20] The throttle 56 is driven by a diaphragm -type negative pressure actuator 56A and varies the opening thereof 

25 with a two-step operation. A first pressure passage 62 and a second pressure passage 64 are connected to the negative 
pressure chamber 56B partitioned by the diaphragm of the negative pressure actuator 56A. An orifice 62A is provided 
in the first pressure passage 62. A first solenoid valve 61 is provided in the first pressure passage 62. A second solenoid 
valve 63 is provided in the second pressure passage 64. The solenoid valves 61 and 63 are operated in response to 
a signal from the controller 41 in order to selectively supply atmospheric pressure and the negative pressure of a 

30 vacuum pump to the pressure passages 62 and 64. 

[0121] When the first solenoid valve 61 supplies atmospheric pressure to the first pressure passage 62 and the 
second solenoid valve 63 supplies the negative pressure of the vacuum pump to the second pressure passage 64, 
the negative pressure in the negative pressure chamber 56B is reduced and the opening of the intake air throttle 56 
is increased. On the other hand, when the first solenoid valve 61 and the second solenoid valve 63 supply negative 

35 pressure from the vacuum pump to both the first pressure passage 62 and the second pressure passage 64, the 
negative pressure in the negative pressure chamber 56B is increased and the opening of the intake air throttle 56 is 
decreased. Furthermore when the first solenoid valve 61 and the second solenoid valve 63 supply atmospheric pressure 
to the first pressure passage 62 and the second pressure passage 64 : the pressure in the negative pressure chamber 
56B coincides with atmospheric pressure and the intake air throttle 56 becomes fully opened by the action of a return 

40 spring. 

[0122] The EGR valve 57 is driven by a step motor 57A and the opening of the valve 57 is varied in response to the 
rotation of the step motor 57A. The step motor 57A is rotated in response to step signals from the controller 41. An 
EGR valve opening sensor 57B which detects the opening of the EGR valve is provided in the EGR valve 57. 
[01 23] The controller 41 comprises a microcomputer or plural microcomputers each of which is provided with a central 
45 processing unit (CPU), a read only memory (ROM), a random access memory (RAM) and an input/output interface (I/ 
O interface). 

[0124] Detection signals from the air flow meter 55, the EGR valve opening sensor 57, the intake air temperature 
sensor 71 , the intake pressure sensor 72 and the atmospheric pressure sensor 73 are respectively input to the controller 
41 . Further as shown in FIG. 2, detection signals are input from a pressure sensor 32 which detects the fuel pressure 

so in the accumulation chamber 1 6A, an accelerator pedal depression sensor 33 which detects a depression amount of 
an accelerator pedal provided in the vehicle, a crank angle sensor 34 which detects a rotation speed Ne and a prede- 
termined crank angle of the diesel engine 1 , a cylinder discrimination sensor 35 which identifies the cylinders of the 
diesel engine 1 and a water temperature sensor 36 which detects a cooling water temperature Tw of the diesel engine 
1 . Further, as shown in FIG. 3, a detection signal is input from the EGR valve opening sensor 57B to the controller 41 . 

55 [0125] The controller 41 uses the input signals in order to control the opening of the throttle 56, an opening of the 
swirl control valve 4, a turbocharging pressure of the turbocharger 2, the EGR amount of the EGR mechanism 5 and 
the fuel injection timing and fuel injection amount of the fuel injection mechanism 1 0. The control of the turbocharging 
pressure of the turbocharger 2, the EGR amount of the EGR mechanism 5 and the control of the fuel injection timing 
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and the fuel injection amount of the fuel injection mechanism 1 0 will be described below. 

[0126] Firstly a control process for the turbocharging pressure of the turbocharger 2 executed by the controller 41 
will be described below. 

[01 27] FIG. 4 shows a calculation routine for a command opening of the variable nozzle 2D. The controller 41 exe- 
5 cutes this routine at intervals of ten milliseconds by employing a known calculation method. 

[0128] In a step S1 , the engine rotation speed Ne, a fuel injection amount Qf f the atmospheric pressure Pa and a 
real turbocharging pressure Pmjst are read. 

[0129] The engine rotation speed Ne is detected by the crank angle sensor 34. The real turbocharging pressure 
Pmjst is equal to the intake pressure Pm detected by the intake pressure sensor 72. The atmospheric pressure Pa 
w is detected by the atmospheric pressure sensor 73. The fuel injection amount Of will be described hereafter. 

[0130] In a step S2, a basic turbocharging pressure MPM is calculated on the basis of the engine rotation speed Ne 
and the fuel injection amount Of by looking up a map having the characteristics shown in FIG. 5 which is pre-stored 
in the memory of the controller 41 . 

[01 31 ] I n a next step S3, the atmospheric pressure correction coefficient is calculated on the basis of the atmospheric 
is pressure Pa by looking up a map having the characteristics shown in FIG. 6 which is pre-stored in the memory of the 
controller 41. 

[01 32] In a next step S4 ? a target turbocharging pressure Pm_so! is calculated by multiplying the atmospheric pres- 
sure correction coefficient by the basic turbocharging pressure MPM. 

[0133] In a next step S5, a PI correction amount STEPJst for the nozzle opening is calculated by known proportional 
20 integral control (PI control) so that the real turbocharging pressure Pmjst coincides with the target turbocharging 
pressure Pm_sol. 

[0134] In a next step S6, a basic opening MSTEP \or the variable nozzle 2D is calculated on the basis of the engine 
rotation speed Ne and the fuel injection amount Of by looking up a map having the characteristics shown in FIG. 7 
which is prc-storcd in the memory of the controller 41 . 
25 [0135] In a next step S7, the atmospheric pressure correction coefficient for the nozzle opening is calculated on the 
basis of the atmospheric pressure Pa looking up a map having the characteristics shown in FIG. 8 which is pre-stored 
in the memory of the controller 41 . 

[0136] lnastepS8, a target opening STEP_soi is calculated by multiplying the basic opening MSTEP by the atmos- 
pheric pressure correction coefficient. 
30 [0137] In a next step S9, a differential correction amount is calculated from the real turbocharging pressure Pm_ist 
and the engine rotation speed Ne. 

[0138] In a next step S1 0, a target opening VNT_step1 is calculated by adding the differential correction amount and 
the PI correction amount STEPJstXo the target opening STEP_sol. 

[0139] In a next step S11 , an upper limiting valve and a lower limiting value are calculated corresponding to the 
35 engine rotation speed Ne and the real turbocharging pressure Pmjst. When the target opening VNT_step1 falls in a 
range between the upper limiting value and the lower limiting value, the value for the target opening VNT_step1 is set 
to the command opening VNTstep. When the value for the target opening VNT_step1 does not fall in the range.the 
target opening VNT_step1 is replaced by either the upper limiting value or the lower limiting value as the command 
opening VNTstep. 

40 [01 40] The command opening VNTstep of the variable nozzle 2D set in the step S1 1 is converted to a step number 
and output to the step motor 2C. 

[0141] The EGR control performed by the controller 41 will be described below. 

[0142] The controller 41 is adapted so that an exhaust gas recirculation rate (EGR rate) which is an exhaust gas 
flowrate of EGR passage 54 divided by a flowrate of aspirated gas by the diesel engine 51 take a maximum value 

45 during low load and low rotation speed operation of the diesel engine 51 . When this value is taken as 1 00 percent, the 
EGR rate decreases as the engine load or the engine rotation speed increase. Since the exhaust gas temperature is 
high when the diesel engine 51 is operating under high load or at high rotation speed, large amounts of EGR cause 
increases in the intake air temperature. Increases in the intake air temperature make it difficult to reduce NOx. It also 
becomes difficult to perform premixing combustion since the ignition delay period of injected fuel is shortened. The 

so reason that the EGR rate is decreased as the engine load or engine rotation speed increase is in order to prevent the 
above problems. 

|tQt4a]-i: When the EGR amount is varied, the turbocharging pressure of the turbocharger 2 also varies. Conversely, 
f when the turbocharging pressure varies, the EGR amount also varies as a result of the variation in the exhaust pressure. 
I Consequently the EGR amount and the turbocharging pressure can not be controlled independently and controlling 
55 \ one tends to resulting in disturbance to the control of the other. It is essential to have accurate measurement of the 
[ real exhaust gas amount Qexh and the real EGR amount Qegr 'm order to perform accurate overall control on the EGR 
amount and the turbocharging pressure. 

[0144] The^reai exhaust ^as amount Oex/)land the real EGR amount Qegr carl bacalculated from the folfdwing five 
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parameters: the intake pressure Pmpthe exhaust pressure Pexh, the atmospheric pressure Pa, an effective sectional 
area equivalence value Aegrpi the EG R valve 5£and the effective sectional area equivalence value Avnt of the variables- 
nozzle 2D. The intake pressure Pm corresponds to an outlet pressure of the compressor 2B, the atmospheric pressure 
Pa corresponds to an inlet pressure of the compressor 2B and the exhaust pressure Pexh corresponds to an inlet 

5 pressure of the exhaust gas turbine 2A. 

[0145] Except for the exhaust pressure Pexh t \t is possible to detect four of these parameters in a simple manner 
using a sensor or from signals output from the controller 41 to the step motors 57A and 2C that drive the EGR valve 
57 and variable nozzle 2D. However, the sensor detecting the exhaust pressure Pexh must be resistant to acidic 
conditions and high exhaust gas temperatures. This type of sensor is expensive and difficult to maintain. Furthermore 

10 it is difficult to ensure required response characteristics. Instead of using an exhaust pressure sensor, therefore, the 
controller 41 estimates the exhaust pressure Pexh using an intake air flowrate QasQ? the fuel injection amount Of, the 
effective sectional area equivalence value Avnt of the variable nozzle 2D and the exhaust gas temperature Texh. 
[01 46] EGR control performed by the controller 41 is so called model reference adaptive control which uses a model 
defined by a multiplicity of variables. EGR control is performed by executing various routines in the sequence shown 

15 in FIG. 9. This control uses the detection signals from the accelerator pedal opening sensor 33, the crank angle sensor 
34, the cylinder discrimination sensor 35, the water temperature sensor 36, the intake air temperature sensor 71 and 
the intake pressure sensor 72. Other parameters required for control are predicted based on the above detection 
signals. 

[01 47] In this EGR control, a sampling operation on the sensor detection values such as those from the air flow meter 
20 55 is performed at predetermined intervals. On the other hand, the calculation of parameters is performed synchronous 
with a Ref signal that corresponds to the predetermined crank angle. Resultant signal outputs to various actuators are 
performed at predetermined intervals. 

[01 48] The calculation of parameters is performed in the sequence shown in FIG. 1 0. The symbols in FIG. 1 0 having 
the subscript n-1 denote the values calculated on the immediately previous occasion the calculation routine was per- 
25 formed. , 

[01 49] Firstly a delay processing routine for a cylinder intake fresh air amount Qac, the fuel injection amount Qf and \J 
a cylinder intake gas temperature Tn will be described with referenced FIG. 11 .The controller 41 executes this routine 
at intervals of ten milliseconds. ' 
[0150] The controller 41 firstly reads the cylinder intake fresh air amount Qac, the fuel injection amount Of and the if ^ ®C€$£l* 
30 cylinder intake gas temperature Tn in a step S1 71 . The calculation of these values will be described hereafter. c P 

[0151] In a next step S1 72, a delay processing is applied to these values on the basis of equations (1) - (3) below J 
to calculate an exhaust gas amount Qexh, a delay processing value QfO Bf fuel injection amount, and a deJ9yj^jssing» 
value Tn(fo\ intake gas temperature.. 



Oexf?= Qac. (CYLN #. 1} ( 1 ) 
Of0= Qf_ (CYLm . 2) (2) 

TnO= Tnj CYLm _ 1} (3) 

where, CVLA/# = numbers of the cylinders o^the diesel engine 51 . 

45 [01 52] The4e^ calculated on respectively4he (CYLNM^M. (QYLNg^ 

2>th previous occasion of the routine. The cylinder intake gas temperature Tn, the fuel injection amount Of and the £ // ? 
cylinder intake fresh air amount Qac vary with a predetermined delay as a result of variation in the intake air flowrate * 
measured by the air flow meter 55. In order to obtain their present values, therefore, a delay processing must be applied 
to the values calculated based on the fresh air flowrate. In a four-stroke four-cylinder engine, the fuel injection amount 

50 calculated based on the intake air flowrate of the air flow meter 55 has a delay of 1 80 degrees x (cylinder number - 2) ^> 
in crank angle with respect to the detection timing of the intake air flowrate. Considering this delay, the fuel injection 
amount obtained on (CYLN#-2)<h previous occasion of the routine is set to the fuel injection amount of the present 
occasion. 

[0153] A calculation routine for the cylinder intake fresh air amount Qac will be described below referring to FIGs. 
55 12 and 13. 

[01 54] Herein, the amount of fresh air actually aspirated into the cylinder 51 A is calculated on the basis of the intake 
fresh air flowrate detected by the air flow meter 55. 
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[0155] FIG. 1 2 shows a routine for converting the output voltage of the airflow meter 55 into a flowrate. The controller 
41 executes this routine at intervals of four milliseconds. 

[01 56] Firstly in a step S21 , the controller 41 reads the output voltage of the air flow meter 55. 
[0157] In a next step S22, the output voltage is converted to a flowrate equivalence value. The flowrate equivalence 
5 value is a mass flowrate. 

[0158] In a next step S23, an intake fresh air flowrate QasO is calculated by applying a weighted average to the 
flowrate equivalence value in order to counter the effect of intake air pulsation of the diesel engine 51 . The intake fresh 
air flowrate QasO is also a mass flowrate. 

[0159] FIG. 13 shows a routine for calculating the cylinder intake fresh air amount Qac on the basis of the intake 
10 fresh air flowrate QasO. The controller 41 executes this routine on each occasion the Ref signal is input. 

[01 60] Firstly in a step S31 , the controller 41 reads the engine rotation speed Ne and the intake fresh air flowrate QasO. 
[0161] In a next step S32, the intake fresh air flowrate QacO is converted to an intake fresh air amount QacO per 
cylinder using Equation (4) on the basis of the engine rotation speed Ne. The intake fresh air amount QacOper cylinder 
is expressed as mass. 

15 

QacO=°^-KCON# (4) 
Ne 

where, KCQN# = constant. 

20 [01 62] The air flow meter 55 is disposed upstream of the compressor 2B. Accordingly in a step S33, a delay process 
is performed corresponding to the required time for fresh air to reach the collector 52A from the air flow meter 55. In 
other words, the value for QacO on the n-th previous occasion is taken to be the intake fresh air amount Qac n per 
cylinder measured at an inlet of the collector 52A. 

[0163] In a next step S34, an intake fresh air amount Qac per cylinder measured at an intake valve position of the 
25 cylinder 51 A is calculated from Equation (5). This value is hereafter referred to as the "cylinder intake fresh air amount" . 
The cylinder intake fresh air amount Qac is also expressed as mass. 

Qac = Qac^ r ( l-KvolKin^+Qac^Kvol Kin^ (5) 

30 

where, 

Qac n-1 = Qac calculated on the immediately preceding occasion the routine was performed, and 
Kin„_i = immediately previous value of volume efficiency equivalence value Kin. 

35 

[01 64] The volume efficiency equivalence value Kin will be described later. Equation (5) is a first order delay equation 
taking Kvoi • K/n n . t as a time constant. 

[01 65] The calculation routine of a cylinder intake EGR amount Qec will be described below with reference to FIG. 1 4. 
[0166] The controller 41 executes this routine synchronous with the Ref signal. The method of calculation is the 
40 same as the method of calculating the cylinder intake fresh air amount Qac in FIG. 13. 

[01 67] The controller 41 firstly reads Qe^ which is the immediately previous value of an EGR flowrate Qe in a step 
S41 . The calculation of EGR flowrate Qe will be described later. 

[0168] In a next step S42, the engine rotation speed Ne is read. In a next step S43, the intake EGR amount Qec n 
per cylinder at the inlet of the collector 52A is calculated from Equation (6) using the immediately previous value Qe n _ f 
45 of the EGR flowrate, the engine rotation speed Ne and the constant KCQN#. 



KCON# (6) 

/ve 

50 

where, KCON# = constant. 

[0169] In a next step S44, an intake EGR amount Qec per cylinder at the intake valve position of the cylinder 51 A 
is calculated from Equation (7). This value is hereafter referred to as the "cylinder intake EGR amount". 

55 Qec = Qec„_, • ( l-KvolKin^+Qec^ KvolKin^ (7) 
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where, 



Qec^ = Qec calculated on the immediately preceding occasion the routine was performed, and 
Kin^ = immediately previous value of the volume efficiency equivalence value Kin. 

5 

[0170] Equation (6) is also a first order delay equation using the term Kvol - K/n n ., as the time constant. 

[0171] A calculation routine for the volume efficiency equivalence value Kin will be described below referring to FIG. 

15 The controller 41 executes the routine synchronous with the Ref signal input. 

[0172] Firstly in a step S51 , the controller 41 reads the cylinder intake fresh air amount Qac, the cylinder intake EGR 
io amount Qec the intake pressure Pm and an immediately previous value 7n n . y of the cylinder intake gas temperature. 
[0173] In a next step S52, a gas density ROUqcyl is calculated from the intake pressure Pm and the immediately 
previous value Tn^ of the cylinder intake gas temperature by looking up a map having the characteristics as shown 
in FIG 1 6 which is pre-stored in the memory of the controller 41 . 

[0174] In a next step S53, a volume efficiency equivalence value Kin is calculated from Equation (8) using the gas 
15 density ROUqcyl and a cylinder gas mass defined by Qcyl = Qac + Qec. 

M,. gaLgaa? (8) 

20 where, Vc = capacity of the cylinder 51 A. 

[0175] Next a calculation routine for the intake pressure Pm in the collector 52A will be described with reference to 
FIG. 1 7. The controller 41 executes this routine at intervals of four milliseconds. 

[0176] The controller firstly reads an output voltage Pmv of the intake pressure sensor 72 in a step S61 . 
[0177] In a next step S62, the output voltage Pmv is converted to a pressure equivalence value PmO by looking up 
25 a map having the characteristics as shown in FIG. 18 which is pre-stored in the memory of the controller 41 . 

[0178] In a next step S63, the intake pressure Pm is calculated by applying a weighted average to the pressure 
equivalence value PmO. 

[0179] A calculation routine for an intake fresh air temperature Ta in the collector 52A will be descnbed with reference 
to FIG. 19. The controller 41 executes this routine at intervals of ten milliseconds. 
so [0180] The controller firstly reads an output voltage Ta_v of the intake air temperature sensor 71 in a step S71 . 

[01 81 ] In a next step S72, the output voltage Ta_v is converted to a detected temperature TaO by looking up a map 
which is pre-stored in the memory of the controller 41 . The map is provided with linear characteristics in the same 
manner as the map of FIG. 18. 

[0182] In a next step S73, it is determined whether or not the intake air temperature sensor 71 is disposed upstream 
35 or downstream of the inter-cooler 3. 

[0183] The routine proceeds to a step S74 when the intake air temperature sensor 71 is disposed upstream of the 

inter-cooler 3 as shown in FIG. 1 . 

[0184] In the step S74, a pressure correction coefficient Ktmpi is calculated from Equation (9) based on the imme- 
diately previous value Pm n ^ of the intake pressure Pm. fruS CJ&v-Vi 

Pmn.1 <ZG> r re c A v r 

45 where, PA# = constant. 

[0185] In a next step S75, the collector intake fresh air temperature Ta is calculated from Equation (10) based on 
the pressure correction coefficient Ktmpi. 

Ta = TaO • Ktmpi + TOFF# 

where, TOFFit = constant. 

[01 86] Equation (1 0) is an approximation for predicting temperature variation through the principle of thermodynam- 
ics. 

55 [0187] The intake air temperature may be corrected using parameters such as the vehicle speed VSP and the intake 
fresh air flowrate QasO. In other words, a vehicle speed correction coefficient Kvsp is calculated based on the vehicle 
speed VSP as shown in FIG. 20 and an intake fresh air flowrate correction coefficient Kqa is calculated based on the 
intake fresh air flowrate QasO as shown in FIG. 21 . 
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[0188] In this case, instead of using Equation (10), the collector intake fresh air temperature 7a is calculated from 
Equation (11). 

Ta = Kvsp • Kqa • TaO • Ktmpi + TOFF# (11) 

[01 89] In a step S73, when it is determined that the intake air temperature sensor 71 is disposed downstream of the 
inter-cooler 3, the detected temperature TaO is not corrected and is set as the collector intake fresh air temperature 
Ta. When the intake air temperature sensor 71 is disposed downstream of the inter-cooler 3, the detected temperature 
w TaO represents a value after temperature increase due to turbocharging and after temperature decrease due to the 
inter-cooler. Thus the detected temperature TaO can be regarded as the collector intake fresh air temperature Ta. 
[0190] A calculation routine for the cylinder intake gas temperature Tn will be described below referring to FIG. 22. 
The controller 41 executes this routine synchronous with the Ref signal input. 

[0191] Firstly in a step S81, the controller 41 reads the cylinder intake fresh air amount Qac, the collector intake 
15 fresh air temperature Ta, the cylinder intake EGR amount Qec and the immediately previous value Texh^ of the 
exhaust gas temperature Texh. The calculation of the exhaust gas temperature Texh will be described hereafter. 
[0192] Next in a step S82, a cylinder frpifi^ calculated by multiplying an exhaust gas 

temperature reduction coefficient Ktios which expresses the reduction in the exhaust gas temperature in the EGR 
passage 54 by the immediately previous value Texh^ of the exhaust gas temperature. 
20 I [0193] In a next step S83, a cylinder intake gas temperature Tn is calculated by Equation (12). 
*■ 

QacTa + QeC-Te / 12 ) 
" Qac+Qec 

25 [0194] A calculation routine for the fuel injection amount Of will be described below with reference to FIG. 23. The 
controller 41 executes this routine synchronous with the Ref signal input. 

[0195] Firstly in a step S91 , the controller 41 reads the engine rotation speed Ne and a control lever opening CL 
corresponding to the depression amount of the accelerator pedal. 

[0196] Next in a step S92, a basic fuel injection amount Mqdrv is calculated based on the engine rotation speed Ne 
30 and the control lever opening CL by looking up a map having the characteristics as shown in FIG. 24 which is pre- 
stored in the memory of the controller 41 . 

[0197] In a next step S93, a corrected injection amount Qf1 is calculated by applying various types of corrections 
based on the engine cooling water temperature for example to the basic fuel injection amount Mqdrv. 
[01 98] Next, in a step S94, an upper limiting value Q11MAX of fuel injection amount which is obtained by looking up 
35 a map having the characteristics as shown in FIG. 25 which is pre-stored in the memory of the controller 41 is applied 
to the corrected value Qf1. The value after this limitation is then set as the fuel injection amount Of. The fuel injection 
amount Gfis expressed in mass units. 

[0199] Acalculation routine for the exhaust gas temperature Texh will be described below with reference to FIG. 26. 
The controller 41 executes this routine synchronous with the Ref signal input. 
40 [0200] Firstly in a step S1 01 , the controller 41 reads the delay processing value QfO of the fuel injection amount. 
[0201] Next in a step S102, a delay processing value TnO of the cylinder intake gas temperature is read. 
[0202] In a next step S103, the immediately previous value Pexh^ of the exhaust gas temperature Texh is read. 
The calculation of the exhaust gas pressure Pexh is described hereafter. 

[0203] In a next step S1 04, an exhaust gas temperature basic value Texhb is calculated based on the delay process- 
es ing value QfO of the fuel injection amount by looking up a map having the characteristics as shown in FIG. 27 which 
is pre-stored In the memory of the controller 41 . 

[0204] In a next step S105, an intake air temperature correction coefficient Ktexhl for the exhaust gas temperature 
is calculated from the delay processing value TnOoi the intake gas temperature from Equation (13). 



so 



»^ t. * ( Tn0\ Km t A « v 

Ktexh1 = \jA#) ■ (13) 



55 



where, 

TA# = constant, and 
KN#= constant. 
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[0205] In a next step S106, an exhaust pressure correction coefficient KTexh2 for the exhaust gas temperature is 
calculated from the immediately previous value Pexh^ of the exhaust pressure from Equation (14). 

—-Gap)- 

where, 

10 PA# = constant, and 
#Ke= constant. 

[02061 The intake air temperature correction coefficient KtexM and the exhaust pressure correction coefficient 
Ktexh2 may also be calculated by looking up the maps shown in FIGs. 28 and 29. 
is [0207] The controller 41 then calculates a swirl correction coefficient Ktexh3 for the. exhaust gas temperature based 
on the engine rotation speed We and an operation position of the swirl control valve 4 by looking up a map having the 
characteristics as shown in FIG. 30 which is pre-stored in the memory of the controller 41 . The operation position of 
the swirl control valve 4 provides only two types of values corresponding to an open and a closed states of the swirl 
control valve 4. 

20 [0208] In a next step S1 08, a nozzle opening correction coefficient KTexh4 for the exhaust gas temperature is cal- 
culated based on the command opening VNTstep and the exhaust gas amount Qexh by looking up a map having the 
characteristics as shown in FIG. 31 which is pre-stored in the memory of the controller 41. 

[0209] In a next step S1 09, the exhaust gas temperature Texh is calculated by multiplying thef our coefficients KtexM, 
Ktexh2, Ktexh3, KtexhA by the exhaust gas temperature basic value Texhb. 
25 [0210] The process executed by this routine is based on the approximating Equation (15) derived from thermody- 
namic principles. 

*> Texh _ QasO 1 K£jJ. 7a0 . \f^2 (15) 

i^l i (Pay* 
1 \Pexh) 

r 

35 where, 

j]t = efficiency of work output from the exhaust gas turbine 2A with respect to work input thereto, according to the 
law of energy conservation, 

r\c = efficiency of work output from the compressor 2B with respect to work input thereto, according to the law of 
40 energy conservation, 

K a = ratio of specific heat of intake gas according to the first law of thermodynamics (Maxwell's formulae), and 
K e = ratio of specific heat of exhaust gas according to the first law of thermodynamics (Maxwell's formulae). 

[0211] A calculation routine for an effective sectional equivalence value Avnt for the variable nozzle 2D will be de- 
45 scribed below with reference to FIG. 32. The controller 41 executes this routine synchronous with the Ref signal input. 
[021 2] Firstly in a step S1 1 1 , the controller 41 reads the exhaust gas temperature Texh and a total exhaust gas mass 
Qtotal defined by Qtotal= QasO + Q/of the diesel engine 51 and the command opening VNTstep of the variable nozzle 
2D. 

[0213] In a next step S112, an exhaust gas flow speed equivalence value Wexh is calculated based on the total 
so exhaust gas mass Qtotal and the exhaust gas temperature Texh from Equation (16). 

Wexh = Qtotal (m 2 /sec) (1 6) 

55 where, Tstd = reference atmospheric temperature. 

[0214] In a next step S113, a friction loss coefficient IJric of exhaust gas is calculated from the square root of the 
exhaust gas flow speed equivalence value Wexh by looking up a map having the characteristics as shown in FIG. 33 
which is pre-stored in the memory of the controller 41 . 
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[0215] In a next step S114, a nozzle loss coefficient %conv of the variable nozzle 2D is calculated from the command 
opening VNTstep and the total exhaust gas mass Ototalby looking a map having the characteristics as shown In FIG. 
34 which is pre-stored in the memory of the controller 41 . 

[021 6] In a next step S1 15, the effective sectional equivalence value Avnt for the variable nozzle 2D is calculated by 
multiplying the friction loss coefficient IJric and the nozzle loss coefficient ^conv by the command opening VNTstep. 
[0217] A calculation routine for the exhaust pressure Pexh will be described below with reference to FIG. 35. The 
controller 41 executes this routine synchronous with the Ref signal input. This routine is a routine for predicting the 
value for the exhaust pressure Pexh from other parameters. 

[021 8] Firstly in a step S1 21 , the controller 41 reads the intake fresh air f lowrate QasO t the fuel injection amount Of, 
the effective sectional equivalence value Avnt, the exhaust gas temperature Texh and the atmospheric pressure Pa. 
[0219] In a next step S122, an exhaust pressure equivalence value PexhO is calculated from the above parameters 
from Equation (17). 



where, Kpexh = constant. 

[0220] In a next step S1 23 t the exhaust pressure Pexh is calculated by applying a weighted average to the exhaust 
pressure equivalence value PexhO. The predicted value Pexh has been shown to be sufficiently accurate as shown in 
FIG. 36 on the basis of experimental confirmation by the inventors of the correlation between the real value of the 
exhaust pressure and the predicted value obtained by the above process. 

[0221] A calculation routine for an EGR f lowrate Qe will be described below with reference to FIG. 37. The controller 
41 executes this routine synchronous with the Ref signal input. 

[0222] Firstly in a step S131 , the controller 41 reads the intake pressure Pm t the exhaust* pressure Pexh and a lift 
amount Lifts for the EGR valve 57. The lift amount Lifts of the EGR valve 57 is a value which is converted from the 
step number output from the controller 41 to the step motor 2C. 

[0223] In a next step S132, an opening area equivalence value Aveforthe EGR valve 57 is calculated based on the 
lift amount Lifts of the EGR valve by looking up a map having the characteristics as shown in FIG. 38 which is pre 
-stored in the memory of the controller 41 . 

[0224] In a step S133, an EGR flowrate Qe is calculated from the opening area equivalence value Ave for the EGR 
valve, the exhaust pressure Pexh and the intake pressure Pm based on Equation (18). 



where, KR# = constant. 

[0225] A calculation routine for a target EGR rate Megr will be described below with reference to FIG. 39. The con- 
troller 41 executes this routine synchronous with the Ref signal input. 

[0226] Firstly in a step S141 , the controller 41 reads the engine rotation speed Ne, the fuel injection amount Of and 
the cylinder intake gas temperature 7h. 

[0227] In a next step S142, a target EGR rate basic value MegrO is calculated based on the engine rotation speed 
Ne and the fuel injection amount Qf by looking up a map having the characteristics as shown in FIG. 40 which is pre- 
stored in the memory of the controller 41 . 

[0228] In a next step S1 43, a target EGR rate correction value Hegr is calculated based on the cylinder intake gas 
temperature Tn by looking up a map having the characteristics as shown in FIG. 41 which is pre-stored in the memory 
of the controller 41 . 

[0229] In a next step S1 44, a target EGR rate Megr is calculated by multiplying the target EGR rate correction value 
Hegr by the target EGR rate basic value MegrO. 

[0230] A calculation routine for a required EGR flowrate Tqe will be described below with reference to FIG. 42. The 
controller 41 executes this routine synchronous with the Ref signal input. 

[0231] Firstly in a step S151 , the controller 41 reads the engine rotation speed Ne, the target EGR rate Megr, the 
cylinder intake fresh air amount Qac and the delay processing value QfO of the fuel injection amount. 
[0232] In a next step S152, a target intake EGR amount Mqec is calculated by multiplying the target EGR rate Megr 
by the cylinder intake fresh air amount Qac. 

[0233] In a next step S1 53, an intermediate processing value Rqec is calculated by applying a weighted average to 
the target intake EGR amount Mqec by Equation (19). 




(17) 



Qe = Ave ■ J(Pexh - Pm) . KR# 



(18) 
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Rqec = Rqec^ • {1-Kin Kvof)+Mqec Kin-Kvol 



(19) 



Rqec calculated on the Immediately preceding occasion the routine was performed, and 
weighted average coefficient. 

[0234] In a next step S154, a target cylinder intake EGR amount Tqec is calculated by performing an advancing 
10 process using the intermediate processing value Rqec and the target intake EGR amount Mqec with Equation (20). 

Tqec = Mqec • GKQEC + Rqec^ • ( 1- GKQEC) (20) 



where, 

5 

Rqec^ = 
KinKvof = 



15 where, 

Rqec^ = Rqec calculated on the immediately preceding occasion the routine was performed, and 
GKQEC = advance correction gain. 

20 [0235] When the EGR valve 57 is operated to vary the EGR amount, a delay is generated from the operation of the 
EGR valve 57 until the variation in the EGR amount occurs in the cylinder 51 A. The delay results from the capacity of 
the passage from the EGR valve 57 to the intake valve of the cylinder 51 A via the collector 52A and the intake manifold 
52B. The process in the step S154 is an advancing process for compensating this delay. 

[0236] In a next step S1 55, the required EGR flowrate Tqe is calculated by converting the target cylinder intake EGR 
25 amount Tqec from an amount per cylinder to an amount per unit time by applying Equation (21 ). 

Taenia?? . KCON# (21) 
Ne 

30 where, KCON# = constant. 

[0237] A calculation routine for the command EGR valve lift amount Liftt will be described below with reference to 
FIG. 43. The controller 41 executes this routine synchronous with the Ref signal input. 

[0238] Firstly in a step S1 61 , the controller 41 reads the intake pressure Pm, the exhaust pressure Pexh and the 
required EGR flowrate Tqe. 

35 [0239] In a next step S1 62, a required opening surface area Tav of the EGR valve 57 is calculated from Equation (22) . 



40 



Tav = TqG (22) 

J (Pexh - Pm) - /CH# 



where, KR# = constant 



wnere, r\nn — ouii^lciiil. 

[0240] Next in a step S1 63, the EGR valve target lift amount Mlift is calculated based on the required opening surface 
area Tav of the EGR valve 57 by looking up a map having the characteristics as shown in FIG. 44 which is pre-stored 
in the memory of the controller 41 . 
45 [0241] In a next step S1 63, an EGR valve target lift amount MHftls calculated based on the required opening surface 
area Tav of the EGR valve 57 by looking up a map having the characteristics as shown in FIG. 44 which is pre-stored 
in the memory of the controller 41 . 

[0242] In a next step S1 64, the command EGR valve lift amount Liftt is calculated by applying an advancing process 
corresponding to the response time of the EGR valve 57 to the target lift amount Mlift. The controller 41 drives the 
50 EGR valve 57 with the target lift amount Mlift by outputting a step number corresponding to the command EGR valve 
lift amount Lifttlo the step motor 57A. 
[0243] This completes the description of EGR control. 

[0244] Next the fuel injection control according to this invention executed by the controller 41 will be described. 
[0245] Although low-temperature premixing combustion suppresses combustion noise to a desirable level during a 
55 steady running state of the diesel engine 51 , the combustion noise increases and exhaust gas composition is adversely 
affected during a transient running state, in particular during acceleration, of the diesel engine 51 . In order to suppress 
noise and improve the exhaust gas composition, the controller 41 controls the diesel engine 51 so that low-temperature 
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premixing combustion is performed during the steady running state and a predetermined pattern of pilot fuel injection 
and main fuel injection is performed during the transient running state. 
[0246] The outline of this control will be firstly described. 

[0247] Referring to FIG. 45, the inventors have discovered on the basis of experiment that in the same diesel engine 
5 as that used in the aforesaid prior arts, the permissible region for premixing combustion during the transient running 
state is smaller than the permissible region for premixing combustion during the steady running state. The inventors 
have further discovered that the difference between these regions varies when there is a difference between the oxygen 
amount or the oxygen concentration of the intake gas during the transient running state and the target oxygen amount 
or concentration during the steady running state. 
w [0248] Consequently the inventors conducted an experiment on the basis of the following method in order to prevent 
deterioration in the exhaust gas composition and increase in noise during acceleration of the diesel engine. 
[0249] Referring to FIG. 46A, region A shows a steady running state before acceleration. Low temperature premixing 
combustion is performed in the region A. The variation of the cylinder pressure of the diesel engine in this state is 
shown in FIG. 47A. When the accelerator pedal is depressed by the driver to accelerate the vehicle, the fuel injection 
15 amount undergoes a rapid increase as shown in FIG. 46A. However the exhaust pressure of the diesel engine increases 
gently as shown in FIG. 46B. 

[0250] The intake pressure increases after a further delay as shown in FIG. 46C due to aturbo-lag during acceleration . 
As a result, the intake pressure is low in the region B before acceleration and the EGR amount undergoes a temporary 
rapid increase as shown in FIG. 46D. On the other hand, the excess air factor rapidly decreases as shown in FIG. 46E. 

20 Therefore in the engine, oxygen is in a state of considerable insufficiency and the EGR rate is in excess. This phe- 
nomenon causes increases in the generation of smoke and combustion noise as the ignition timing delay of the air- 
fuel mixture is considerable lengthened and thereafter the air-fuel mixture is suddenly combusted. 
[0251] As stated above, the possible region for premixing combustion during the transient running state is smaller 
than the possible region for premixing combustion during the steady running state and the difference between these 

25 regions varies when there is a difference between the oxygen amount or the oxygen concentration of the intake gas 
during the transient running state and the target values for the oxygen amount or concentration during the steady 
running state. 

[0252] Therefore in the region B, a relatively advanced small pilot fuel injection is performed in order to suppress 
excessive increase in the ignition delay period. The injection interval between the pilot fuel injection and the main fuel 
30 injection is shortened and the main fuel injection is completed before the compression top dead center of each cylinder. 
[0253] As a result, the variation in the cylinder pressure of the diesel engine displays the same variation as in a 
gasoline engine as shown in FIG. 47B and combustion noise is reduced accordingly. 

[0254] The oxygen amount and the oxygen concentration do not have the same meaning with respect to their effect 
on exhaust gas composition. In general, the oxygen amount effects the produced amount of particulate matter which 

35 results in smoke. The oxygen concentration results in the produced amount of nitrogen oxides (NOx). However it is 
not possible to completely separate the control characteristics of the oxygen amount and the oxygen concentration. 
Although an EGR device is used mainly in the control of the oxygen concentration and a turbocharger is used mainly 
in the control of the oxygen amount, the interrelation of the two variable means that it is not possible to perform control 
of the oxygen concentration independently of control of oxygen amount. 

40 [0255] In the region C in the latter half of acceleration, excess EGR is eliminated and the oxygen concentration 
increases. However the absolute amount of oxygen remains insufficient due to the influence of the turbo-lag. In this 
case, the generated amount of smoke will increase if the fuel injection method of the region B is continued. 
[0256] In the region C, the pilot fuel injection amount is increased and the injection interval between the pilot fuel 
injection and the main fuel injection is lengthened so that the main fuel injection is performed after complete combustion 

45 of the pilot fuel injection. As a result, the generation of smoke is suppressed. The combustion noise Is also reduced 
due to the fact that combustion is performed in an inactive manner due to an internal exhaust gas recirculation caused 
by the combustion gas. 

[0257] The variation in the cylinder pressure in this state is shown in FIG. 47C. The waveform corresponds to the 
waveform of typical diesel combustion due to a pilot fuel injection. A method of completing combustion of a pilot fuel 
50 injection before starting a main fuel injection is known from Tokkai 2000-64891 published by the Japanese Patent 
Office in 2000. 

[0258] After fuel injection control in the region C, the target oxygen concentration or the target oxygen amount is 
realized as shown in the region D and the execution of the low-temperature premixing combustion is resumed. 
[0259] On the basis of these experiments, when the diesel engine 51 is undergoing acceleration, the control device 
55 performs different fuel injection patterns in the region B and the region C. The region B and the region C are discrim- 
inated on the basis of the difference of the measured value of the oxygen concentration or oxygen amount from the 
target values thereof during the steady running state. 

[0260] This fuel injection pattern is also applied during deceleration of the diesel engine 51 . During deceleration, 
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when fuel cut is performed and the engine rotation speed Ate falls to less than or equal to a predetermined value, fuel 
recovery by a small amount of fuel injection is performed in order maintain engine operation. Dunng deceleration the 
turbo-lag delays the reduction in the turbocharging pressure in an opposite manner to that during acceleration. As a 
result, oxygen is in excess and the ignition delay period is shortened due to the relatively high turbocharging pressure 

5 and the low fuel injection amount. , 

[0261 1 Conversely, after the turbocharging pressure is reduced, the ignition delay period is lengthened as a result 
of insufficiency in the oxygen amount. In this manner, in the regions displaying high turbocharging pressure and low 
fuel injection amounts in the first half of deceleration, fuel injection is controlled to coincide with the combustion pattern 
shown in FIG 47C in order to prevent the generation of noise resulting from difference in the ignition delay period. 

w After the turbocharging pressure falls, fuel injection is controlled to obtain the combustion pattern shown in FIG. 47B. 
In this manner, it is also possible to suppress noise during deceleration. 

[0262] Next the control routines performed by the controller 41 to realize the above control concept will be described 

[0263]'' Firstly a calculation routine for a target common rail pressure TPrail will be described referring to FIG. 48. 

15 The controller 41 performs this routine at intervals of ten milliseconds. 

[0264] In a step S201 the controller 41 reads the engine rotation speed Ate, the fuel injection amount Of, the atmos- 
pheric pressure Pa. the cooling water temperature Tw, the collector intake fresh airtemperature Ta and a real common 
rail pressure Pra/7 The tuel injection amount Q/is the value calculated in the routine shown in FIG. 22 and the collector 
intake fresh air temperature Ta is the value calculated in the routine in FIG. 1 9. The real common rail pressure Prari is 

20 detected by the pressure sensor 32. 

[0265] In a next step S202, a basic value 77»ra//forthe target common rail pressure is calculated based on the engine 
rotation speed Ne, the fuel injection amount Of by looking up a map having the characteristics as shown in FIG. 49 
which is pre-stored in the memory of the controller 41. 

[0266] In a next stop S203, a water temperature correction coefficient KPTivfor the target common ra.l pressure is 
calculated based on the cooling water temperature Twby looking up a map having the characteristics as shown in FIG. 
50 which is pre-stored in the memory of the controller 41 

[0267] Next in a step S204, an intake fresh air temperature correction coefficient KPTa is calculated based on the 
collector intake fresh air temperature Ta by looking up a map having the characteristics as shown in FIG. 51 which is 
pre-stored in the memory of the controller 41 . 

[0268] Next in a step S205. an atmospheric pressure correction coefficient KPPa is calculated based on the atmos- 
pheric pressure Pa by looking up a map having the characteristics as shown in FIG. 52 which is pre-stored in the 
memory of the controller 41 . 

[0269] In a step S206, a common rail correction coefficient K_Prail\& calculated from Equation (23). 

35 K_Pr ail = KPTw ■ KPPa ■ KPTa (23) 

[0270] In a next step S207, the target common rail pressure TPraM is calculated by multiplying the correction coef- 
ficient KJPrail by the basic value TPrailB of the target common rail pressure. 
40 [0271] In FIG. 50,the water temperature correction coefficient during low water temperatures is set to a larger value 
than 1 0 The reason of this setting may be explained as follows. At a low water temperature, the fuel temperature is 
also tow and it is difficult to obtain preferred fuel spray characteristics. Consequently it has been proposed to improve 
the fuel spray characteristics by increasing the common rail pressure. 

[0272] in FIG 51 the intake fresh air correction coefficient KPTa at a low common rail intake fresh air temperature 
45 Ta is set to a larger value than 1 .0. The reason of this setting may be explained as follows. When the common rail 
intake fresh airtemperature Ta is low, atomization of the tuel spray is adversely affected. Thus fuel spray atomization 
is improved by increasing the common rail pressure that has an effect of reducing the particle size of the fuel spray. 
[0273] In FIG. 52,the atmospheric pressure correction coefficient KPPa at a low atmospheric pressure Pa is set to 
a larger value than 1 .0. The reason of this setting may be explained as follows. When the atmospheric pressure Pa is 
so low the real compression ratio of air-fuel mixture in the cylinder 51 A is low and the air-fuel mixture can not easily be 
ignited. Thus air-fuel mixture ignition may be promoted by reducing the particle size of the fuel spray through mcreasing 

the common rail pressure. , ... 

[0274] Next in a step S208, a correction amount for a known proportional/integral (PI) control is calculated so that 
the real common rail pressure Prail coincides with the target common rail pressure TPraM. 
55 [0275] Next in a step S209, a corrected target common rail pressure TPrail2 is calculated by adding the correction 
amount to the target common rail pressure TPraM. 

[0276] In a step S21 0, a maximum common rail pressure PrailMAXls calculated based on the engine rotation speed 
We by looking up a map having the characteristics as shown in FIG. 53 which is pre-stored in the memory of the 



25 



30 



17 



# • 



EP 1 221 544 A2 

controller 41 . A minimum common rail pressure PrailMIN is calculated based on the fuel injection amount Qf by looking 
up a map having the characteristics as shown in FIG. 54 which is pre-stored in the memory of the controller 41 . There- 
after the corrected target common rail pressure TPraiI2 is limited to values between the maximum value PrailMAX and 
the minimum value PrailMIN and this limited value is set as the common rail pressure command value TPrail. The 
5 controller 41 control the common rail pressure to coincide with the target common rail pressure TPraill by controlling 
the pressure regulating valve 31 based on the common rail pressure command value TPrail calculated in the above 
manner. 

[0277] Referring now to FIG. 55, a setting routine for the pilot fuel injection permission flag F_PQ will be described. 
The controller 41 executes this routine at intervals of ten milliseconds. 
10 [0278] Firstly in a step S211 , the controller 41 reads the real turbocharging pressure Pmjst and the target turbo- 
charging pressure Pm_sol. The real turbocharging pressure Pmjst is equal to the intake pressure Pm detected by 
the intake pressure sensor 72. The target turbocharging pressure Pm_sol is a value calculated by the routine shown 
in FIG. 4. 

[0279] In a next step S21 2, a difference dPm of the real turbocharging pressure Pmjst and the target turbocharging 
15 pressure Pm_sol\s calculated. Herein, the difference dPmxs calculated as an absolute value. The reason the difference 
dPm is expressed as an absolute value is in order to apply this control routine not only during acceleration but also 
during deceleration. 

[0280] In a next step S213, the difference dPm Is compared with a predetermined value Cdpm2. When the difference 

dPm is greater than the predetermined value Cdpm2, the routine proceeds to a step S215. When the difference dPm 
20 j s not greater than the predetermined value Cdpm2, the routine proceeds to a step S21 4. In the step S21 4, the difference 

dPm is compared with a predetermined value Cdpml. The predetermined values Cdpm 1 and Cdpm2 are values for 

determining whether or not the state of the diesei engine 51 corresponds to any of the regions B, C, D shown in FIGs. 

46A - 46E. The predetermined value Cdpm2 \s set to a larger value than the predetermined value Cdpml. 

[0281] During acceleration as shown in FIGs. 46A - 46E, in the region B, the difference dPm is greater than the 
25 predetermined value Cdpm2 as a result of the response delay in the turbocharging pressure. In the region C, the 

difference dPm is reduced and the relation Cdpm2 > dPm > Cdpml is established. In the region D, the difference dPm 

undergoes a further decrease and the relation Cdpml £ dPm holds. 

[0282] During deceleration, in the first half of deceleration, the difference dPm is greater than the predetermined 
value Cdpm2 as a result of the response d€>lay in the turbocharging pressure. In the latter half of deceleration, the 
30 difference dPm is reduced and the relation Cdpm2> dPm >Cdpm1 is established. In the interval corresponding to the 
steady running state after deceleration has completed, the difference dPm undergoes a further decrease and the 
relation Cdpml > dPm holds. 

[0283] Thus when the difference dPm is larger than the predetermined value Cdpm2, the routine proceeds to the 
step S21 5. In this case, in the step S21 5, the pilot fuel injection permission flag F_PQ is set to two. 
35 [0284] In the step S214, when the difference dPm is larger than the predetermined value Cdpml, the routine sets 
the pilot fuel injection permission flag F_PQ to a value of one in a step S21 6. 

[0285] In the step S21 4, when the difference is not larger than the predetermined value Cdpm 1, the routine sets the 
pilot fuel injection permission flag F_PO to a value of zero in a step S217. 

[0286] When the pilot fuel injection permission flag F_PQ has a value of one or two, it shows that pilot fuel injection 
40 js permitted, that is to say, that the vehicle is operating in the transient running state. 

[0287] When the pilot fuel injection permission flag F_PQ is se to a value of zero, it shows that pilot fuel injection is 
not permitted, that is to say, that the vehicle is operating in the steady running state. 

[0288] The predetermined values Cdpml and Cdpm2 are determined by analysis of measurement results of the 
exhaust composition, the fuel consumption and the combustion noise, when the engine rotation speed Ate and load 
45 are fixed and the turbocharging pressure is varied. Since preferred values for the predetermined values Cdpml and 
Cdpm2 vary depending on the type of engine, the predetermined values Cdpml and Cdpm2 are set experimentally 
for various types of engine. 

[0289] Next a calculation routine for a target main fuel injection timing TMITwlU be described with reference to FIG. 
56. This routine is executed synchronous with the Ref signal input. 
so [0290] Firstly in a step S221 , the controller 41 reads the engine rotation speed Ne, the fuei Injection amount Qf, the 
atmospheric pressure Pa, the cooling water temperature 7iv, the collector intake fresh air temperature 7a and the pilot 
fuel injection permission flag F_PQ. 

[0291] In a next step S222, a map having the characteristics as shown in any of FIGs. 57 - 59 which is pre-stored 
in the memory of the controller 41 is selected and the selected map is used in order to calculate a basic value TMITB 
55 for the target main fuel injection timing based on the engine rotation speed Ne and the fuel injection amount Qf. 

[0292] Referring to FIGs. 47A - 47C, in the combustion pattern X, only the main fuel injection is performed after the 
compression top dead center and the low-temperature premixing combustion is realized as a result, while in the com- 
bustion patterns Y and Z, both the pilot fuel injection and the main fuel injection are performed before the compression 
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top dead center. 

[0293] The map shown in FIG. 57 defines the basic value TMITB to realize the main fuel injection timing corresponding 
to the combustion pattern X. The map shown in FIG. 58 defines the basic value TMITB to realize the main fuel injection 
timing corresponding to the combustion pattern Y. The map shown in FIG. 58 defines the basic value TMITB to realize 

5 the main fuel injection timing corresponding to a combustion pattern Z. 

[0294] In this manner, after the basic value TMITB for the target main fuel injection timing is set, in a following step 
S233, the routine calculates a water temperature correction coefficient KMITTw for the injection timing based on the 
cooling water temperature Twby looking up a map having the characteristics as shown in FIG. 60 which is pre-stored 
in the memory of the controller 41 . . 

10 [0295] Next in a step S224, a collector intake fresh air temperature correction coefficient KMITTa for the injection 
timing is calculated based on the col lector intake fresh air temperature Fa by looking up a map having the characteristics 
as shown in FIG. 61 which is pre-stored in the memory of the controller 41 . 

[0296] Next in a step S225, an atmospheric pressure correction coefficient KMITPa for the injection timing is calcu- 
lated based on the atmospheric pressure Pa by looking up a map having the characteristics as shown in FIG. 62 which 
is is pre-stored in the memory of the controller 41 . 

[0297] In a step S226, a main fuel injection timing correction coefficient KMJT is calculated from Equation (24). 

KMJT = KMITTw - KMITTa - KMITPa (24) 

20 

[0298] In a next step S227, a target main fuel injection timing TMIT1 is calculated by multiplying a main fuel injection 
timing correction coefficient KMJT by the target main fuel injection timing basic value TMITB. 

[0299] The target main fuel injection timing basic value TMITB is an advance amount measured from a predetermined 
crank angle position in an advancing direction. Thus when the correction coefficients KMITTw, KMITTa, KMITPa are 

25 greater than one, the main fuel injection timing is advanced. 

[0300] In FIG. 60, the reason the correction coefficient KMITTw is set to a value greater than one during low water 
temperatures may be explained as follows. When the water temperature is low, the fuel temperature is also low and 
there is a tendency for combustion to be delayed. Thus the delay in combustion can be corrected by shifting the center 
of combustion in the advancing direction. 

30 [0301] This is the same reason for why in FIG. 61 , the correction coefficient KMITTa during a low collector intake 
fresh air temperature 7a is greater than one and in FIG. 62, the correction coefficient KMITPa for low atmospheric 
pressure Pa is set to a value greater than one. 

[0302] Although the target main fuel injection timing basic value TMITB is set to respective values depending on the 
three combustion patterns X, Y, Z, the correction coefficient KMJT on the main fuel injection timing is not set in each 
35 combustion pattern. This is due to the fact that the calculation logic becomes complicated when the correction coefficient 
KMJT on the main fuel injection timing is set to each combustion pattern. 

[0303] After calculating the target main fuel injection timing 77W/T*, the controller 41 in a step S228 applies a limiting 
process on the target main fuel injection timing TMIT1. That is to say, a maximum main fuel injection timing MITMAX 
is calculated based on the engine rotation speed Ate by looking up a map having the characteristics as shown in FIG. 

40 63 which is pre-stored in the memory of the controller 41 . The maximum main fuel injection timing MITMAX describes 
the advancing limit on the main fuel injection timing. In the same manner, a minimum main fuel injection timing MITMIN 
is calculated based on the engine rotation speed Ate by looking up a map having the characteristics as shown in FIG. 
64 which is pre-stored in the memory of the controller 41 . The minimum main fuel injection timing MITMIN describes 
the retard limit on the main fuel injection timing. When the target main fuel injection timing TMIT1 is greater than the 

45 maximum main fuel injection timing MITMAX, the target main fuel injection timing TMIT1 is limited to the maximum 
main fuel injection timing MITMAX. When the target main fuel injection timing TMIT1 is less than the minimum main 
fuel injection timing MITMIN, the target main fuel injection timing TMIT1 is limited to the minimum main fuel injection 
timing MITMIN. 

[0304] The controller 41 sets the value which has been limited in the above manner as the target main fuel injection 
so timing TMIT The controller 41 controls the start timing of the main fuel injection by outputting a fuel injection signal to 

the three-way solenoid valve 25 at a timing corresponding to the target main fuel injection timing TMIT 

[0305] A calculation routine for a target pilot fuel injection timing TP/Twill be described below with reference to FIG. 

65. The controller 41 executes this routine synchronous with the Ref signal input only when the pilot fuel injection 

permission flag F_PQ has a value of one or two. When the pilot fuel injection permission flag F_PO has a value of 
55 zero, the routine is not executed since pilot fuel injection is not performed. 

[0306] The method of calculating the target pilot fuel injection timing TP/Tis based on the calculation method of the 

target main fuel injection timing TMIT 

[0307] Firstly in a step S231 , the controller 41 reads the engine rotation speed Ne, the fuel injection amount Of, the 
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atmospheric pressure Pa, the cooling water temperature Tw, the collector intake fresh air temperature Ta and the pilot 
fuel injection permission flag F_PQ. 

[0308] In a next step S232, a map having the characteristics as shown in FIG. 66 or a map having the characteristics 
as shown in FIG. 67 which are pre-stored in the memory of the controller 41 is selected according to the value of the 

5 pilot fuel injection permission flag F_PQ. The selected map is used in order to calculate a basic value TPITB for the 
target pilot fuel injection timing based on the engine rotation speed Ne and the fuel injection amount Of. 
[0309] In the following step S233 : the routine calculates a water temperature correction coefficient KPITTw for the 
pilot fuel injection timing based on the cooling water temperature Tw by looking up a map having the characteristics 
as shown in FIG. 68 which is pre-stored in the memory of the controller 41 . 

10 [0310] Next in a step S234, a collector intake fresh air temperature correction coefficient KPITTa for the pilot fuel 
injection timing is calculated based on the collector intake fresh air temperature Ta by looking up a map having the 
characteristics as shown in FIG. 69 which is pre-stored in the memory of the controller 41 . 

[0311] Next in a step S235, an atmospheric pressure correction coefficient KPfTPa is calculated based on the at- 
mospheric pressure Pa by looking up a map having the characteristics as shown in FIG. 70 which is pre-stored in the 
is memory of the controller 41 . 

[031 2] In a step S236. a target pilot fuel injection timing correction coefficient KP_IT\$ calculated from Equation (25). 

KPJT = KPITTw • KPITTa • KPITPa (25) 

20 

[0313] In a next step S237, a target pilot fuel injection timing TPIT1 is calculated by multiplying the target pilot fuel 
injection timing correction coefficient KPJTby the target pilot fuel injection timing basic value TPITB, 
[0314] The target pilot fuel injection timing basic value TPITB in the same manner as the target main fuel injection 
timing basic value TMITBls an advance amount measured from a predetermined crank angle position in an advancing 
25 direction. Thus when the correction coefficients KPITTw, KPITTa, KPITPa are greater than one, the pilot fuel injection 
timing is corrected in an advancing direction. The characteristics of the correction coefficients KPITTw, KPITTa, KPITPa 
shown in FIGs. 68 - 70 are the same as the correction coefficients KMITTw, KMITTa, KMITPa related to main fuel 
injection shown in FIGS. 60 - 62. 

[0315] After calculating the target pilot fuel injection timing TPIT1, in a step S238, the controller 41 applies a limiting 
30 process on the target pilot fuel injection timing TPIT1. That is to say, a maximum pilot fuel injection timing PITMAX \s 
calculated based on the engine rotation speed Ne by looking up a map having the characteristics as shown in FIG. 71 
which is pre-stored in the memory of the controller 41 . 

[031 6] The maximum pilot fuel injection timing PITMAX describes the advance limit on the pilot fuel injection timing. 
In the same manner, a minimum pilot fuel injection timing PITMIN is calculated based on the engine rotation speed Ne 

35 by looking up a map having the characteristics as shown in FIG. 72 which is pre-stored in the memory of the controller 
41 . The minimum pilot fuel injection timing PITMIN describes the retard limit on the pilot fuel injection timing. 
[0317] When the target pilotf uel injection timing TPIT1 is greaterthan the maximum pilotf uel injection timing PITMAX, 
the target pilot fuel injection timing TPIT1 is limited to the maximum pilot fuel injection timing PITMAX. When the target 
pilot fuel injection timing TPIT1 is less than the minimum pilot fuel injection timing PITMIN, the target pilot fuel injection 

40 timing TPIT1 is limited to the minimum pilot fuel injection timing PITMIN. 

[0318] The controller 41 sets the value which has been limited in the above manner as the target pilot fuel injection 
timing TPIT The controller 41 controls the start timing of the pilot fuel injection by outputting a fuel injection signal to 
the three-way solenoid valve 25 at a timing corresponding to the target pilot fuel injection timing TPIT. 
[0319] A calculation routine for a target pilot fuel injection amount TPQ will be described below with reference to FIG. 

45 73. The controller 41 executes this routine synchronous with the Ref signal input only when the pilot fuel injection 
permission flag FjPQ has a value of one or two. When the pilot fuel injection permission flag F_PQ has a value of 
zero, the routine is not executed since pilot fuel injection is not performed. 

[0320] Firstly in a step S241 , the controller 41 reads the engine rotation speed Ne, the fuel injection amount Of. and 
the pilot fuel injection permission flag F_PQ. 
50 [0321] In a next step S242, a map having the characteristics as shown in either FIG. 74 or 75 which are pre-stored 
in the memory of the controller 41 is selected according to the pilot fuel injection permission flag F_PO. The selected 
map is used in order to calculate a basic value TPQB for the target pilot fuel injection amount based on the engine 
rotation speed Ne and the fuel injection amount Of. 

[0322] In a following step S243, the target pilot fuel injection amount basic value TPQB is set as the target pilot fuel 
55 injection amount TPQ. The controller 41 controls the pilot fuel injection amount by outputting a fuel injection signal 
having a pulse width corresponding to the target pilot fuel injection amount TPQ to the three-way solenoid valve 25. 
[0323] The fuel injection amount Of represents the total of fuel injection amounts during pilot and main fuel injection. 
Thus a value subtracting the target pilot fuel injection amount TPQfrom the target fuel injection amount Of corresponds 



20 




EP 1 221 544 A2 



to the target main fuel injection amount. 

[0324] The controller 41 performs control of the fuel Injection timing and the fuel injection amount in the above manner. 
[0325] Referring again to FIGS. 47A - 47C, the pilot fuel injection amount is different in the combustion pattern Y 
and the combustion pattern Z. The injection interval from starting pilot fuel injection to starting main fuel injection is 
5 also different. The characteristics of the maps of the basic value TPITB of the target pilot fuel injection timing as shown 
in FIGs. 66 and 67 are set in response to the difference in the injection interval between the combustion pattern Y and 
the combustion pattern Z. 

[0326] The characteristics of the maps of the target pilot fuel injection amount basic value TPQB as shown m FIGs. 
74 and 75 are also set in response to the differences in the pilot fuel injection amount between the combustion pattern 

10 Y and the combustion pattern Z. 

[0327] The result of experiments conducted by the inventors has shown that when the engine rotation speed is less 
than or equal to 4000 revolutions per minute (rpm), the pilot fuel injection amount in combustion pattern X is 0.2 to 1 .0 
milligrams per stroke cycle. The injection interval in combustion pattern Y corresponds to a crank angle of 7 - 18 degrees. 
[0328] In the same manner, the pilot fuel injection amount in the combustion pattern Q± U is 1 .5 to 3.0 milligrams 

15 per stroke cycle and the injection interval in combustion pattern Z corresponds to a crank angle of 30 degrees. 

[0329] Although the upper limit of the engine rotation speed used in experiments was 4000 revolutions per minute, 
the invention is not limited to this value. The effect of reducing combustion noise due to pilot fuel injection differs with 
respect to engine rotation speed and type of engine. 

[0330] However on the basis of the experimental results of the inventors with respect to three types of engine having 
20 completely different displacement volumes, all the engines satisfied the above values. Thus the range of values above 
represents general recommended values. 

[0331] According to experiments performed by the inventors, when calculating the target pilot fuel injection amount 
basic value TPQB, the map as shown in FIG. 75 which is applied when the pilot fuel injection permission flag FPQ 
has a value of one must return a value which is smaller than the map as shown in FIG. 74 which is applied when the 

25 pilot fuel injection permission flag F_PQ has a value of two. 

[0332] According to experiments performed by the inventors, when the engine rotation speed increases, the injection 
interval is slightly reduced. When the engine load increases, the injection interval is slightly reduced. Thus the basic 
value TPITB for the target pilot fuel injection timing takes a small value which varies in the direction of the arrow in 
FIGs 66 and 67 in order to realize the combustion pattern Y and Z. 

30 [0333] The target pilot fuel injection timing basic value TPITB is set according to the two combustion patterns Y and 
Z. The correction coefficient KPJTon the target pilot fuel injection timing is not set with respect to each combustion 
pattern. This is because the calculation logic becomes complicated when the target pilot fuel injection timing correction 
coefficient KPJTxs set to each combustion pattern. 

[0334] When executing the above control during vehicle acceleration, in the region B where the intake pressure is 
35 low and the EGR rate is in excess, combustion pattern Y is applied as shown in FIG. 47B. In the region C where the 
excess EGR rate is eliminated, the combustion pattern Z as shown in FIG. 47C is applied. During the steady running 
state, low-temperature premixing combustion pattern X is applied as shown in FIG. 47A. As a result, as shown in FIGs. 
76A - 76F, the combustion noise of the diesel engine 51 during acceleration is smaller in comparison to control in the 
prior arts. Further, as shown in FIGs. 77A and 77B, the generated amount of particulate matter or NOx is decreased 
40 and fuel performance is improved in comparison to control in the prior arts. 

[0335] In fuel recovery operations during deceleration, in a state where the turbocharging pressure is high due to 
the turbo lag while the fuel injection amount is small, the oxygen amount becomes excess and the ignition delay is 
small. On the other hand, after the turbocharging pressure is reduced, the oxygen amount becomes insufficient and 
the ignition delay is large. When the controller 41 performs control as described above, the turbocharging pressure is 
45 high while the fuel injection amount is small, the fuel pattern Z in FIG. 47C is applied. After reducing the turbocharging 
pressure, the combustion pattern Y in FIG. 47B is applied. These combustion patterns make it possible to obtain 
preferred effects such as reductions in combustion noise, improvement of exhaust composition and fuel performance 
during fuel recovery operations during vehicle deceleration. 

[0336] A second embodiment of this invention related to the setting of the pilot fuel injection permission flag F_PQ 
50 will be described below with reference to FIGs. 78 to 80. 

[0337] In this embodiment, the controller 41 executes a routine shown in FIG. 78 instead of the routine in FIG. 55 

for setting the pilot fuel injection permission flag F_PG. This routine is executed at an interval of ten milliseconds. 

[0338] Referring to FIG. 78, the controller 41 reads the cylinder intake fresh air amount Oac and a target cylinder 

intake fresh air amount Tqac\n a step S301 . 
55 [0339] The target cylinder intake fresh air amount Tqac is calculated by a routine shown in FIG. 79. The controller 

41 executes this routine at an interval of ten milliseconds. 

[0340] Referring to FIG. 79, firstly in a step S311 , the controller 41 reads the engine rotation speed Ne and the fuel 
injection amount Qf. 
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[0341] In a next step S31 2, the target cylinder intake fresh air amount Tqac is calculated from the engine rotation 
speed Ne and the fuel injection amount Of by looking up a map having the characteristics shown in FIG. 80 which is 
pre-stored in the memory of the controller 41 . 

[0342] Referring again to FIG. 78, after reading the target cylinder intake fresh air amount Tqac and the cylinder 
5 intake fresh air amount Qac t in a step S302, the controller 41 calculates a difference dQacol the target cylinder intake 
fresh amount Tqac and the cylinder intake fresh air amount Qac. The difference dQac is calculated as an absolute 
value. The reason the difference dQac is expressed as an absolute value is in order to apply this control routine not 
only during acceleration but also during deceleration. 

[0343] In a next step S303, the difference dQac is compared with a predetermined value Cdqac2. When the difference 
10 dQac is greater than the predetermined value Cdqac2, the pilot fuel injection permission flag F_PQ is set to two in a 
step S305. When the difference dQac is not greater than the predetermined value Cdqac2 t the difference dQac is 
compared with a predetermined value Cdqad. 

[0344] The predetermined values Cdqad and Cdqac2 are values for determining whether or not the state of the 
diesel engine 51 corresponds to any of the regions B, C, D shown in FIGs. 46A - 46E. The predetermined value Cdqac2 
15 is set to a larger value than the predetermined value Cdqad. 

[0345] When the difference dQac is greater than the predetermined value Cdqad , in a step S306, the pilot fuel 
injection permission flag F_PQ is set to one. When the difference dQac is not greater than the predetermined value 
Cdqad, in a step S307, the pilot fuel injection permission flag F_PQ is set to zero. 

[0346] In this embodiment, the determination of the regions B, C, D is performed based on the difference dQac 
20 between the target cylinder intake fresh air amount Tqac and the cylinder intake fresh air amount Qac. 

[0347] A third embodiment of this invention related to the setting of the pilot fuel injection permission flag F_PO will 
be described with reference to FIGS. 81 to 82. In this embodiment, the controller 41 executes the routine shown in 
FIG. 81 instead of the pilot fuel injection permission flag F_PQ setting routine in FIG. 55. This routine is executed at 
an interval of ten milliseconds. 

25 [0348] Referring to FIG. 81 , the controller 41 reads the target intake EGR amount Mqec and a second target intake 
EGR amount Sqec. The target intake EGR amount Mqec is a value obtained by multiplying the target EGR rate Megrby 
the cylinder intake fresh air amount Qac as described above. 

[0349] The second target intake EGR amount Sqec is calculated by a routine shown in FIG. 82. The controller 41 
performs this routine synchronous with the Ref signal input. 
30 [0350] Firstly in a step S41 1 , the controller 41 reads the target cylinder intake fresh air amount Tqac and the target 
EGR rate Megr. 

[0351] In a next step S412, the second target intake EGR amount Sqec is calculated by multiplying the target EGR 
rate Megr by the target cylinder intake fresh air amount Tqac. 

[0352] Referring again to FIG. 81 , after reading the target intake EGR amount Mqec and the second target intake 
35 EGR amount Sqec in a step S401 , the controller 41 calculates a difference dQec of the target intake EGR amount 
Mqec and the second target intake EGR amount Sqec'm a step S402.. The difference dQec is calculated as an absolute 
value. The reason the difference dQec is expressed as an absolute value is in order to apply this control routine not 
only during acceleration but also during deceleration. 

[0353] In a next step S403, the difference dQec is compared with a predetermined value Cdqec2. When the difference 
40 dQec is greater than the predetermined value Cdqec2 t the pilot fuel injection permission flag F_PQ is set to two in a 
step S405. When the difference dQec is not greater than the predetermined value Cdqec2, the difference dQec is 
compared with a predetermined value Cdqed in a step S404. 

[0354] The predetermined values Cdqed and Cdqec2 are values for determining whether or not the state of the 
diesel engine 51 corresponds to any of the regions B, C, D shown in FIGs. 46A - 46E. The predetermined value Cdqec2 
45 is set to a larger value than the predetermined value Cdqed. 

[0355] When the difference dQec is greater than the predetermined value Cdqed jn a step S406, the pilot fuel 
injection permission flag F_PO is set to one. When the difference dQec is not greater than the predetermined value 
Cdqed, in a step S407, the pilot fuel injection permission flag F_PQ is set to zero. 

[0356] The difference dQec used in this routine to determine the region is equal to a value representing the target 
so EGR rate Megr multiplied by the difference dQac calculated in the step S302 in FIG. 78. When the target EGR rate 
Megr during acceleration as shown in FIG. 46D is fixed, the difference dQec is normally proportional to the difference 
dQac. 

[0357] Thus this embodiment allows determination of the regions B, C, D to be performed based on the difference 
dQec in the EGR amount flowing into the cylinder Furthermore it is possible to use the difference in the EGR rate 
55 instead of the difference dQec in the EGR amount as a parameter to determine the regions B 5 C, D. 

[0358] A fourth embodiment of this invention related to setting the pilot fuel injection permission flag F_PQ will be 
described below with reference to FIGs. 83 - 85. This embodiment performs a routine shown in FIG. 83 instead of the 
routine shown in FIG. 55 for setting the pilot fuel injection permission flag FJPQ. The routine is executed at an interval 
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of ten milliseconds. . 
[0359] Referring to FIG. 83. the controller 41 reads a real excess air factor Lambda and a target excess air factor 

Tlamb in a step S501 . 

[0360] The real excess air factor Lambda and the target excess air factor Tlamb are calculated by a routine shown 
In FIG 84 This routine is performed synchronous with the Ref signal input. 

[0361] Referring to FIG. 84, firstly in a step S511, the controller 41 reads the engine rotation speed Ne, the fuel 
injection amount Qf and the cylinder intake fresh air amount Qac. 

[0362] In a next step S51 2, a target excess air factor Tlamb is calculated from the engine rotation speed Ne and the 
fuel injection amount Qf by looking up a map having the characteristics shown in FIG. 85 which is pre-stored in the 
memory of the controller 41 . 

[0363] In a next step S51 3, the real excess air factor Lambda is calculated from Equation (26). 

Tarns* (26) 

where, HBIamb = stoichiometric air-fuel ratio. 
[03641 Referring again to FIG. 83, after reading the target excess air factor Tlamb and the real excess air factor 
Lambda, in a step S502, the controller 41 calculates a difference dLamb of the target excess air factor Tlamb and the 
real excess air factor Lambda. The difference dLamb is calculated as an absolute value. The reason the difference 
dLamb is expressed as an absolute value is in order to apply this control routine not only during acceleration but also 
during deceleration. 

[0365] In a next step S503, the difference dLamb is compared with a predetermined value Clamb2. When the differ- 
ence dLamb is greater than the predetermined value Clamb2, the pilot fuel injection permission flag F_PQ is set to two 
in a step S505. When the difference dLamb is not greater than the predetermined value Clamb2, the difference dLamb 
is compared with a predetermined value Clambl in a step S504. 

[0366] The predetermined values Clambl and Clamb2 are values for determining whether or not the state of the 
diesel engine 51 corresponds to any of the regions B, C, D shown in FIGs. 46A - 46E. The predetermined value Clamb2 
is set to a larger value than the predetermined value Clambl. 

[0367] When the difference dLamb is greater than the predetermined value Clambl, in a step S506 the pilot fuel 
injection permission flag F_PQ is set to one. When the difference dLamb is not greater than the predetermined value 
Clambl in a step S507, the pilot fuel injection permission flag F_PQ is set to zero. 

[0368] Thus this embodiment allows determination of the regions B, C, D to be performed based on the difference 
dLamb of the target excess air factor Tlamb and the real excess air factor Lambda. 

[0369] As shown in the second to fourth embodiments, when the cylinder intake fresh air amount, the cylinder intake 
EGR amount or the excess air factor are used instead of the turbocharging pressure in order to determine the regions 
B, C, D, the following differences result. 

When using the cylinder intake fresh air amount: 

[0370] What gives a direct influence on the combustion in the diesel engine 51 is the fresh air intake amount, not 
the turbocharging pressure. 

[0371 ] When the air flow meter 55 which measures the fresh air flowrate is disposed in the upstream section of the 
intake passage 52. the time period from the variation in the measured flowrate of fresh air until the resultant vanation 
in the intake fresh air amount is larger than the time period from the variation in the measured turbocharging pressure 
until the resultant variation in the intake pressure of the diesel engine 51 . Furthermore, a flowrate sensor has a higher 
cost than a pressure sensor. Despite these drawbacks, the control based on the fresh air intake flowrate has the 
advantage that highly accurate control characteristics are obtained, due to the fact that the factor directly affecting the 
combustion is measured and the control is performed according to the measurement result. 

When using the cylinder intake EGR amount: 

[0372] Variation in the EGR amount varies the oxygen amount and the oxygen concentration of gas aspirated into 
the diesel engine 51 and has a large effect on the ignition delay period as well as the fuel injection timing. Thus per- 
forming determination of the combustion region based on the EGR amount means that the control is responsive to the 
ignition delay period. This has a large effect on reducing combustion noise related to the ignition delay penod. 
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When using the excess air factor: 

[0373] The definition of the excess air factor, i.e., excess air factor = cylinder intake fresh air amount / (fuel injection 
amount x 14.7), means that it is possible to take variation in the fuel injection amount as well as the cylinder intake 
5 fresh air amount into account when determining combustion regions. Since variation in the fuel injection amount is 
more rapid than the variation in the cylinder intake fresh air amount, determining combustion regions by monitoring 
the ratio of the above variables displays a higher accuracy during transient running states than using solely the cylinder 
intake fresh air amount or the cylinder intake EGR amount, 

[0374] The contents of Tokugan 2001 -1 547, with a filing date of January 9, 2001 in Japan, are hereby incorporated 
10 by reference. 

[0375] Although the invention has been described above by reference to certain embodiments of the invention, the 
invention is not limited to the embodiments described above. Modifications and variations of the embodiments de- 
scribed above will occur to those skilled in the art, in light of the above teachings. 

[0376] For example, the above embodiments are related to the diesei engine which perform low-temperature premix- 
'5 ing combustion during the steady running state. However this invention may also be applied to a diesei engine per- 
forming diffusive combustion during the steady running state. Low temperature premixing combustion means combus- 
tion in which a heat release pattern corresponds to that of a single-stage combustion. 

[0377] Combustion mainly comprising diffusive combustion does not have a heat release pattern of this type. Actually 
diesei engines which perform low-temperature premixing combustion during the steady running state encounter sub- 
20 stantial difficulty in realizing low-temperature premixing combustion in all the steady running states. When the load 
becomes large in these engines, the combustion pattern changes to diffusive combustion from low-temperature premix- 
ing combustion. 

[0378] Combustion mainly comprising diffusive combustion generally displays inferior exhaust composition in com- 
parison to low-temperature premixing combustion. However, a diesei engine which mainly performs diffusive combus- 
ts tion can also suppress combustion noise and improve exhaust composition during transient running states by applying 
this invention to fuel injection control during transient running states. 

[0379] In the above embodiments, the diesei engine 51 is provided with the common-rail fuel injection mechanism 
1 0. However this invention may be applied to a diesei engine provided with any type of fuel injection mechanism. 
[0380] In the above embodiments, the diesei engine 51 is provided with the variable geometry turbocharger 2, but 
oo this invention may be applied to a diesei engine provided with a fixed capacity turbocharger. 

[0381] Furthermore, this invention may be applied to a diesei engine in which different control methods are applied 
with respect to the EGR control or the turbocharging pressure control other than those disclosed in the above embod- 
iments. 

[0382] The embodiments of this invention in which an exclusive property or privilege is claimed are defined as follows: 

35 

Claims 

1 . A fuel injection control device for a diesei engine (51 ), the diesei engine (51) comprising a piston (51 C) reciprocating 
40 through a compression top dead center and a fuel injection mechanism (1 0) of which a fuel injection amount and 

a fuel injection timing is controllable, the device comprising: 

a sensor (41 , 55, 72) which detects a parameter expressing either of oxygen concentration and oxygen amount 
in gas aspirated into the diesei engine (51); 
45 a programmable controller (41) programmed to: 

calculate a difference between a parameter value set for a steady running state of the diesei engine (51) 
and the parameter detected by the sensor (41 , 55, 72) (S212, S302, S402, S502); 
control the fuel injection mechanism (1 0), when the difference is greater than a predetermined value, to 
so cause the fuel injection mechanism (1 0) to perform a main fuel injection at a first timing which completes 

a combustion of an injected fuel before the compression top dead center and a pilot fuel injection at a 
second timing earlier than the first timing (S215, S305, S405, S505); and 

control the fuel injection mechanism (10), when the difference is smaller than the predetermined value, 
to cause the fuel injection mechanism (1 0) to perform a pilot fuel injection at a third timing with an injection 
55 amount which is larger than an injection amount of the pilot injection performed when the difference is 

greater than the predetermined value, and a main injection at a fourth timing, an interval between the third 
timing and the fourth timing being larger than a period required for combusting fuel injected by the pilot 
injection at the third timing (S21 6, S306, S406, S506). 
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2. The fuel injection control device as defined in Claim 1 , wherein the diesel engine (51) further comprises a turbo- 
charger (2) which turbocharges an intake fresh air of the diesel engine (51), and the parameter comprises a tur- 
bocharging pressure of the turbocharger (2). 

3. The fuel injection control device as defined in Claim 1 , wherein the parameter comprises an intake fresh air amount 
of the diesel engine (51). 

4. The fuel injection control device as defined in Claim 1 , wherein the diesel engine (51 ) further comprises an exhaust 
recirculation mechanism (5) which recirculates a part of an exhaust gas of the diesel engine (51) into the diesel 
engine (51), and the parameter comprises either of an exhaust gas recirculation amount and an exhaust gas 
recirculation rate of the exhaust recirculation mechanism (5). 

5. The fuel injection control device as defined in Claim 1 , wherein the parameter comprises an air excess factor of a 
fuel mixture combusted in the diesel engine (51). 



6. The fuel injection control device as defined in any of Claim 1 through Claim 5, wherein the controller (41 ) is further 
programmed to prevent the fuel injection mechanism (10) from performing the pilot fuel injection when the difference 
is smaHerthan a second predetermined value which is smaller than the predetermined value (S217, S307, S407, 
S507). 

20 

7. The fuel injection control device as defined in Claim 6, wherein the controller (41 ) is further programmed to set the 
main fuel injection timing, when the difference is smaller than the second predetermined value, to a timing later 
than the compression top dead center (S21 7, S307, S407, S507). 

25 8. Thef uel injection control device as defined in any of Claim 1 through Claim 7, wherein the diesel engine (51 ) further 
comprises an exhaust recirculation mechanism (5) which recirculates a part of an exhaust gas of the diesel engine 
(51 ) into the diesel engine (51 ), and the controller (41 ) is further programmed to control the fuel injection mechanism 
(10) and the exhaust recirculation mechanism (5) to cause the diesel engine (51) to perform a low temperature 
premixing combustion which has a heat release pattern of a single-stage, when the difference is smaller than a 

30 second predetermined value which is smaller than the predetermined value (S21 7, S307, S407, S507). 

9. The fuel injection control device as defined in any of Claim 1 through Claim 8, wherein the injection amount of the 
pilot fuel injection performed when the difference is greater than the predetermined value is set to 0.2 to 1 .0 mil- 
ligrams per stroke cycle of the piston (51 C), and an interval between the first timing and the second timing is set 

35 to 7 to 1 8 degrees in a crank angle of the piston (51 C). 

10. The fuel injection control device as defined in any of Claim 1 through Claim 9, wherein the injection amount of the 
pilot fuel injection performed when the difference is smaller than the predetermined value is set to 1 .5 to 3.0 mil- 
ligrams per stroke cycle of the piston (51C) : and the interval between the third timing and the fourth timing is set 

40 to 30 degrees in crank angle of the piston (51 C). 

11 . The fuel injection control device as defined in any of Claim 1 through Claim 1 0, wherein the device further comprises 
a sensor (34, 55, 72) which detects an operating state of the diesel engine (51), and the controller (41) is further 
programmed to calculate the target parameter value based on the operating state of the diesel engine (51) (S4, 

45 S152, S312, S512). 

12. A fuel injection control method for a diesel engine (51), the diesel engine (51) comprising a piston (51 C) recipro- 



cating through a compression top dead center and a fuel injection mechanism (1 0) of which a fuel injection amount 
and a fuel injection timing is controllable, the method comprising: 



detecting a parameter expressing either of oxygen concentration and oxygen amount in gas aspirated into the 
diesel engine (51); 

calculating a difference between a parameter value set for a steady running state of the diesel engine (51) 
and the parameter detected by the sensor (41 , 55, 72); 

controlling the fuel injection mechanism (10), when the difference is greater than a predetermined value, to 
cause the fuel injection mechanism (10) to perform a main fuel injection at a first timing which completes a 
combustion of an injected fuel before the compression top dead center and a pilot fuel injection at a second 
timing earlier than the first timing; and 
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controlling the fuel injection mechanism (1 0), when the difference is smaller than the predetermined value, to 
cause the fuel injection mechanism (1 0) to perform a pilot fuel injection at a third timing with an injection amount 
which is larger than an injection amount of the pilot injection performed when the difference is greater than 
the predetermined value, and a main injection at a fourth timing, an interval between the third timing and the 
5 fourth timing being larger than a period required for combusting fuel injected by the pilot injection at the third 

timing. 
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